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At the transmitter side, carrier waves are modulated according to an input signal for producing 
relevant signal points in a signal space diagram. The input signal Is divided into two, fM ^ mnd, 
data streams. The signal points are divided into signal point groups to which data of the first data stream 
are assigned. Also, data of the second data stream are assigned to the signal points of each signal point 
group. A difference in the transmission error rate between the first and second data streams is 
developed by shifting the signal points to other positions In the space diagram At the receiver side, the 
first and/or second data streams can be reconstructed from a received signal. In TV broadcast service, a 
TV signal is divided by a transmitter into two, low and high, frequency band components which are 
designated as a first and a second data stream respectively. Upon receiving the TV signal, a receiver can 
reproduce only the low frequency band component or both the low and high frequency band 
components, depending on its capabflity. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

6 The present invention relates to a signal transmission system for transmission of a digital signal through 

demodulation of its carrier wave. 

2. Description of the Prior Art 

10 Digital signal transmission systems have been used in various fields. Particularly, digital video signal trans- 

mission techniques have been improved remarkably. 

Among them is a digital TV signal transmission method. So far, such digital TV signal transmission systems 
are in particular use for e.g. transmission between TV stations. They will soon be utilized for terrestrial and/or 
satellite broadcast service in every country of the world. 

16 The TV broadcast systems including HDTV, PCM music, FAX, and other information service are now de- 

manded to increase desired data in quantity and quality for satisfying millions of sophisticated viewers. In par- 
ticular, the data has to be increased in a given bandwidth of frequency allocated for TV broadcast service. The 
data to be transmitted is always abundant and provided as much as handled with up-to-date techniques of the 
time. It is ideal to modify or change the existing signal transmission system corresponding to an increase in 

20 the data mount with time. 

However, the TV broadcast service is a public business and cannot go further without considering the in- 
terests and benefits of viewers. It is essential to have any new service appreciable with existing TV receivers 
and displays. More particularly, the compatibility of a system is much desired for providing both old and new 
services simultaneously or one new service which can be intercepted by either of the existing and advanced 

25 receivers. 

It Is understood that any new digital TV broadcast system to be introduced has to be arranged for data 
extension in order to respond to future demands and technological advantages and also, for compatible action 
to allow the existing receivers to receive transmissions. 

The expansion capability and compatible performance of prior art digital TV systems will be explained. 
30 A digital satellite TV system is known in which NTSC TV signals compressed to a about 6 Mpbs are mul- 

tiplexed by time division modulation of 4 PSK and transmitted on 4 to 20 channels while HDTV signals are car- 
ried .on a single channel. Another digital HDTV system is provided in which HDTV video data compressed to 
as small as 15 Mbps are transmitted on a 16 or 32 QAM signal through ground stations. 

Such a known satellite system permits HDTV signals to be carried on one channel by a conventional man- 
35 ner, thus occupying a band of frequencies equivalent to some channels of NTSC signals. This causes the cor- 
responding NTSC channels to be unavailable during transmission of the HDTV signal. Also, the compatibility 
between NTSC and HDTV receivers or displays is hardly concerned and the data expansion capability needed 
for matching a future advanced mode is utterly disregarded. 

Such a common terrestrial HDTV system offers an HDTV service on conventional 16 or 32 QAM signals 
40 without any modification. In any analog TV broadcast service, there are developed a lot of signal attenuating 
or shadow regions within its service area due to structural obstacles, geographical inconveniences, or signal 
interference from a neighbor station. When the TV signal is an analog form, it can be intercepted more or less 
at such signal attenuating regions although its reproduced picture is low in quality. If the TV signal is a digital 
form, it can rarely be reproduced at an acceptable level within the regions. This disadvantage is critically hostile 
45 to the development of any digital TV system. 

This problem is caused due to the fact that the conventional modulation systems such QAM arrange the 
signal points at constant intervals. There have been no such systems that can change or modulate the arrange- . 
ment of signal points. 

SO SUMMARY OF THE INVENTION 

It is an object of the present invention, for solving the foregoing disadvantages, to provide a signal trans- 
mission system arranged for compatible use for both the existing NTSC and introducing HDTV broadcast ser- 
vices, particularly via satellite and also, for minimizing signal attenuating or shadow regions of its service area 
65 on the ground. 

A signal transmission system according to the present invention comprises two major sections: a trans- 
mitter having a signal Input circuit, a modulator circuit for producing m numbers of signal points, where m£5, 
in a signal vector field through modulation of a plurality of out-of-phase carrier waves using an input signal sup- 
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celving an input signal containing a first data •^*J™""™"„ of the flretoata stream to the n signal 
points of the signal into n signal point group ^^^ a ^^J^ points of each signal point 
point groups ^^JI^^^S^S^^ a reoeivefhaving an input circuit for 

point group respectively. For example, a transm Iter 1 J^r^J"* J n{ groups with a mod- 
end. and third data streams, each carrying n values are assign* to ^levam s.gnal p . g ^ P 
ulator 4. The signal can be intercepted and reproduced the first da U uMn «Uy* . g 

the first and second data streams by a second «^^.^^ J| 8 ^™ rBpMdu0 a n bits from 
third receiver 43. More particularly, a '^""^ 

feasible when to ae Ineeees. In ft. d.U »eoen. ft 

areas are decreased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Flg.1 is aschemafic view of the ^entire arrangement of a signal transmission system showing a first embo- 
diment of the present Invention; . ,. . 
Fia.2 Is a block diagram of a transmitter of the first embodiment; 
F?* is a vector diagram showing a transmission signal of the first embod.ment; 
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Fig.4 is a vector diagram showing a transmission signal of the first embodiment 
Fig.5 is a view showing an assignment of binary codes to signal points according to the first embodiment 
3 V,8W SH0Wm9 30 ^S"™" 1 <* "inary codes to signal point groups aiming to theTrsVembo^ 

^2££!ISr aSSi9 " ment ° f bina,Y COd8S ,0 Si9na ' P ° in,S MCh Si9 " al according 

. 2^t^!SSS£^^ of blnary «*• 10 si9nal - W 9raups and ** 

Fjg.g is a view showing threshold values of the signal point groups according to the first embodiment 
Fig. 10 » a vector d.agram of a modified 16 QAM signal of the first embodiment- 

™^z p *:s™ b ^T e re,a,ion botween antenna radius ra and — 

Fig 12 is a view showing the signal points of a modified 64 QAM signal or the first embodiment 

Fig 13 is a graphic diagram showing the relation between antenna radius r s and the transmission enerqy 

ratio n according to the first embodiment misaion energy 

tfteltat SteT 3h0W,n9 3,flnal P ° int9r0Ups and ^"ignai points of the modified 64 QAM signal 

Z^SSS^ vlew showing 0,6 re,ahon between Ai and of *• modified 64 ^ ai9nal * 

n«,n M respectively according to the first embodiment 

Fig.17 is a block diagram of a digital transmitter of the first embodiment 

Fig 18 is a signal space diagram of a 4 PSK modulated signal of the first embodiment; 

Fig.1 9 is a block diagram of a first receiver of the first embodiment 

Fig.20 is a signal space diagram of a 4 PSK modulated signal of the first embodiment; 

Fig.21 is a block diagram of a second receiver of the first embodiment 

Fig.22 is a vector diagram of a modified 16 QAM signal of the first embodimenf 

Fig.23 is a vector diagram of a modified 64 QAM signal of the firet embodiment- 

Frg.24 is a flow chart showing an action of the first embodiment 

?ectjv^ a y : anC, 2S "° afe VeC, ° r di39ram3 3h0Wi " 9 an ° and a 16 OAM signal of the firat embodiment re- 
Fig.26 is a block diagram of a third receiver of the firet embodiment- 

cS H '? 3 « 8W l h ° Win9 S ' 9nal p0intS of modif!ed 64 QAM si 9"al of the first embodiment 
Fig.28 is a flow chart showing another acfion of the firat embodiment 

K * CSSSE entire arran9ement of a si9na ' ,ransmissk,n sys,em showin9 a third — 

Fig.30 is a block diagram of a first video encoder of the third embodiment; 
Fig.31 is a block diagram of a firat video decoder of the third embodiment- 
Fig^ is a block diagram of a second video decoder of the third embodiment ' ' 
Fig.33 is a block diagram of a third video decoder of the third embodiment 

eSbodimemr Planat0,y ^ * ^ mul,iplexin9 of D " D * and D * sianals according to the thirxJ 

KTh zjEESl view showin9 anothor timo mulbp,exin9 of lh0 Di D * and Dj si9nals accordin9 
mJSSS view showin9 a further time mu,tip,exin9 of 0,0 D " Di - and Da si9na,s accordin9 

S^! 8 ,! 80 ^ 880 ViW T,° f 0,6 entife anran90menl O' a signal transmission system showing a fourth 
embodiment of the present invention; s • 1 

Fig.38 is a vector diagram of a modified 16 QAM signal of the third embodiment; 

Fig.39 is a vector diagram of the modified 16 QAM signal of the third embodiment 

Fig.40 is a vector diagram of a modified 64 QAM signal of the third embodiment 

S il ! 3 8 d J a9ram of , a3si 9 nment of °ata components on a time base according' to the third embodiment 

thfrd embo<nmSr 8SS ' 9nment ° f d3ta com P° nmts on a «me base in TDMA action according to the 

Fig.43 is a block diagram of a carter reproducing circuit of the third embodiment 

! 3 8 J! 89 ^ ah0Wi "? PrinCip,e ° f Ca " ier * aVe re P rodu <*°n according to the third embodiment 
Fg.45 is a block diagram of a earner reproducing circuit for reverse modulation of the Ulird embodiment' 
Fig.46 is a diagram showing an assignment of signal points of the 16 QAM signal of the third embodiment 
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Flg.47Isadiagiam showing an assignment of signal points of the 64 ^^^'^V*^™* 
Fta 48 is a block diagram of a carrier reproducing circuit for 16x multiphcation of the th.r embodiment 
Fig.49 is an explanatory view showing a time multiplexing of Dv,. D„i. Dv* D«. Dy* and D m signals ac- 
cording to the third embodiment; , „ „ _ _ _ _ j rs 
Fig.50 is an explanatory view showing a TDMA time multiplexuig of the Dv,. D„„ Dy* D„ 2 . D*,. and D„ 
signals according to the third embodiment; 

Fig.51 is an explanatory view showing another TDMA time multiplex.ng of the Dy,. D„,. Dvi. Dm. Dv* ana 

Dk. signals according to the third embodiment; .. . 

F £s2 is a diagram showing a signal interference region in a known transm.ss.on method according to the 

F^iV^dSa^ showing signal interference regions in a multi-level signal transmission method accord- 
ing to the fourth embodiment; . . . 

Fig.54 is a diagram showing signal attenuating regions in the known transm.ss.on method accord.ng to the 

SilTadiSSS showing signal attenuating regions in the multi-level signal transmission method ac 

cording to the fourth embodiment; . c ^ f u Q 

Fig.56 is a diagram showing a signal interference region between two digital TV station accordmg to the 

^I^CS showing an assignment of signal points of a modified 4 ASK signal of the fifth embo- 

F&ISte a diagram showing another assignment of signal points of the modified 4 ASK signal of the fifth 

FSTa^d 59-b are diagrams showing assignment of signal points of the modified 4 ASK signal of the 

F^oTaXram showing another assignment of signal points of the modified 4 ASK signal of the fifth 
embodiment when the C/N rate is low; 

Fig.61 is a block diagram of a transmitter of the fifth embodiment; 

Ffcs.62-a and 62-b are diagrams showing frequency distribution profiles of an ASK modulated s.gnal of 
the fifth embodiment; 

Fig.63 is a block diagram of a receiver of the fifth embodiment; 

Fig.64 is a block diagram of a video signal transmitter of the fifth embodiment; 

Fig.65 is a block diagram of a TV receiver of the fifth embodiment; 

Fig.66 is a block diagram of another IV receiver of the fifth embodiment 

Fia 67 is a block diagram of a satellite-to-ground TV receiver of the fifth embodiment; 

F*S £ a dia^m showing an assignment of signal points of an 8 ASK signal of the fifth embodiment; 

Fig.69 is a block diagram of a video encoder of the fifth embodiment; 

Fig.70 is a block diagram of a video encoder of the fifth embodiment containing one divider circuit. 

Fia 71 is a block diagram of a video decoder of the fifth embodiment; , 

Fta 72 is a block diagram of a video decoder of the fifth embodiment containing one mixer circuit; 

3 Z a diajam showing a time assignment of data components of a transmission signal according to 
the fifth embodiment; 

Fio74-ai3 a block diagram of a video decoder of the fifth embodiment; 

Fig "rib is a diagram showing another time assignment of data components of the transm,ss,on s.gnal ac 
^i^JS^-m. assignment of data components of a transmission signal according to 
^^ToS^showing a erne assignment of data components of a transmission signal according to 

F^^oSrTshowing a time assignment of data components of a transmission signal according to 

the fifth embodiment; L 

Fia 78 is a block diagram of a video decoder of the fifth embodiment 

Fig.79 £ a dSam showing a time assignment of data components of a three-level transm.ss.on s.gnal 
according to the fifth embodiment; u .. 

Fig.80 is a block diagram of another video decoder of the fifth embodiment; 

FSil S a diagram showing a time assignment of data components of a transm.ss.on s.gnal accord.ng to 
the fifth embodiment; 

Fia 82 is a block diagram of a video decoder for D, signal of the fifth embodiment; 

FigS 1 a graphic diagram showing the relation between frequency and time of a frequency modulated 
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sig nal according to the fifth embodiment; 

Fig.84 is a block diagram of a magnetic record/playback apparatus of the fifth embodiment; 

Pig.85 « a graphic diagram showing the relation between C/N and level according to the second embodi- 

ment; 

Fig.86 is a graphic diagram showing the relation between C/N and transmission distance according to the 
second embodiment; 

Flg.87 is a block diagram of a transmitter of the second embodiment; 
Fig.88 is a block diagram of a receiver of the second embodiment; 

dSi'ent! 8 8 9raPhi ° dla9ram ShOWin9 re,ation between C/ N and error rate according to the second embo- 
Fig.90 is a diagram showing signal attenuating regions in the three-level transmission of the fifth embodi- 

n^'tl *. S 3 d ™ gram snowin 9 s '9nal attenuating regions in the fouNevel transmission of a sixth embodiment- 
r-ig.92 is a diagram showing the four-level transmission of the sixth embodiment; 
Fig.93 is a block diagram of a divider of the sixth embodiment; 
Fig.94 is a block diagram of a mixer of the six embodiment; 

Fig.95 is a diagram showing another four-level transmission of the sixth embodiment; 
Fig.96 is a view of signal propagation of a known digital TV broadcast system* 

Z H ! S 3 J.™**/* f^ation of a digital W broadcast system according to the sixth embodiment; 
hjg.98 is a diagram showing a four-level transmission of the sixth embodiment; 
Fig.99 is a vector diagram of a 16 SRQAM signal of the third embodiment; 
Fig.100 Is a vector diagram of a 32 SRQAM signal of the third embodiment; 

diment! ^ 3 9raPhiC dla9ram show ' mg tne re,ation betw °en C/N and error rate according to the third embo- 

Fig.1 02 is a graphic diagram showing the relation between C/N and error rate according to the third embo- 
diment; 

Fig.103 is a graphic diagram showing the relation between shift distance n and C/N needed for transmission 
according to the third embodiment; 

Fig.104 is a graphic diagram showing the relation between shift distance n and C/N needed for transmission 
according to the third embodiment; 

Fig 105 is a graphic diagram showing the relation between signal level and distance from a transmitter 
antenna in terrestrial broadcast service according to the third embodiment; 
Fig 1 06 is a diagram showing a service area of the 32 SRQAM signal of the third embodiment; and 
Fig.107 is a diagram showing a service area of the 32 SRQAM signal of the third embodiment; 

PREFERRED EMBODIMENTS OF THE INVENTION 

Embodiment 1 
— — — 

One embodiment of the present invention will be described referring to the relevant drawings 
Fig.1 shows the entire arrangement of a signal transmission system according to the present Invention A 
transmitter 1 comprises an input unit 2. a divider circuit 3, a modulator 4. and a transmitter unit 5. In action 
each input multiplex signal is divided by the divider circuit 3 into three groups, a first data stream D„ a second 
data stream and a third data stream- D» which are then modulated by the modulator 4 before transmitted 
from the transmitter unit 5. The modulated signal is sent up from an antenna 6 through an uplink 7 to a satellite 
10 where it is ntercepted by an uplink antenna 1 1 and amplified by a transponder 12 before tranamitted from 
a downlink antenna 13 towards the ground. 

*o Th f ,r f l nsmission 3l 9" al 13 »*« se "t <*°™ through three downlinks 21. 32. and 41 to a firat 23. a second 
33. and a third receiver 43 respectively. In the first receiver 23. the signal intercepted by an antenna 22 is fed 
'? P Un " 24 1 ° 8 demodulator 25 where its first data stream only Is demodulated, while the second 
ana third data streams are not recovered, before transmitted further from an output unit 26 

Similarly, the second receiver 33 allows the first and second data streams of the signal intercepted by an 
antenna 32 and fed from an input unit 34 to be demodulated by a demodulator 35 and then, summed by a sum- 
mer 37 to a single data stream which is then tranamitted further from an output unit 36 

The third receiver43 allows all the first, second, and third data streams of the signal intercepted by an anten- 
na 42 and fed from an Input unit 44 to be demodulated by a demodulator 45 and then, summed by a summer 
47 to a single data stream which is then transmitted further from an output unit 46. 

Aa understood, the three discrete receivers 23. 33. and 43 have their respective demodulators of different 

6 
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characteristics such that their outputs demodulated from the same frequency band signal of the transmitter 1 

£don a given frequency band signal to their respective receivers. For example, each of three, ewsbng NTS£ 
HDw" and super HDTV! digital signa.s is divided into a low. a high, and a super high frequency band compo- 
nents which represent the fust, the second, and the third data stream respecUvely. Accordingly, the three Af- 
ferent W signal can be transmitted on a one-channel frequency band carrier for simu.laneous reproduce 
of a medium, a high, and a super high resolution TV image respecUvely. 

In service, the NTSC TV signal is intercepted by a receiver accompan.ed w.th a sman antenna '°r <tamod 
ulation of small-sized data, the HDTV signal is intercepted by a receiver accompan.ed w.th a medium antenna 
for demodulation of medium-sized data, and the super HDTV signal is intercepted by a reefer ac^mp^nied 
with a laige antenna for demodulation of larger data. Also, as illustrated in fifrl. . d.gfta NTSC TV *gnal 
Ltalning only me first data stream for digital NTSC TV broadcasting service ,s fed to a digital ^™ 5 ^ 
w^ere it is received by an input unit 52 and modulated by a demodulator 54 before transited ^erfrom 
Emitter unit 55. The demodulated signal is then sent up from an antenna 56 through an uplink 57 to the 

, satellite 10 which in turn transmits the same through a downlink 58 to the first recover 23 on the ground 

The firat receiver 23 demodulates with its demodulator 24 the modulated d.gita. s,gna. supplied from the 
digital transmitter 51 to the original first data stream signal. Similarly, the same modulated d.g,Ui signal can be 
intercepted and demodulated by the second 33 or third receiver 43 to the first data stream or NTSC "TV sjah 
In summary, the three discrete receivers 23. 33. and 43 all can intercept and process a d.g.ta. s.gnal of the 

> existing TV system for reproduction. 

The arrangement of the signal transmission system will be described in more detaO. 

Fta 2 TaWocK diagram ofL fr ansmitter1.inwhichaninputsignalisfedaaosstoe,nputun l t2andd l v.ded 

by thedfv dercircuit3 L three digital signals containing a first, a second, and a third 

Assuming that the input signal is a video signal, its low frequency band component the first 

data rtreanr its highfrequency band componentto the second datastream. and ,ts super-h.gh frequency band 
ISS dSS data sfream. The three different frequency band signals are fed to a modulator input 61 
2 S modu Star 4. Hera, a signal point modulating/changing circuit 67 ^^f^n^^ 
toe signal points according to an externally given signal. The modulator4 is arranged for amplitude modulation 
• SSS carriers respectively which are then summed to a multiple QAM »«n*Mo» spec.fi- 
ciy the , signal from the modulator input 61 is fed to both a first 62 and a second AM f . Also, a 

Srder wwe of coS«fct) produced by a carrier generator 64 is directly fed to the first AM modulator 62 and 
atso. c ^ pnSe Siftef 66 where U is 90' shifted in phase to a sin(2nfct> form Pnortotransm^tothe 
second AM modulator 63. The two amplitude modulated signals from the first and second AM modulators 62.63 
era sun^med b^a summer 65 to a transmtesion signal which is then transferred to the transm.tter unit 5 for out- 
put This procedure is well known and wfll no further be explained. 

The QAM signal will now be described in a common 8x8 or 1 6 state constellation referring to the first quad- 
rant The output signal of the modulator 4 is expressed by a sum vector of two. 
7££E£El vectors 81 .82 which represent the two ^T^lTiT^Z^i 
the distal point of a sum vector from the zero point represents a s.gnal point, the 16 QAM s^nal has 16 signal 
points determined by a combination of four horizontal amplitude values a.a.a,* and four verhc* £mptitode 
values btfiMtu, The first quadrant in Fig.3 contains four signal po.nts 83 at C„. 84 at C 12 . 85 at C*. and 86 

31 °% it is a sum vector of a vector 0-a, and a vector 0-b, and thus, expressed as C„ = a 1 cos2nfct-b,sin2«fct 

= Tte n^stSed that the distance between 0 and a, in the orthogonal coordinates of Fig.3 is A,, between 
a. and a, is A* between 0 and b< la B 1 and between b t to b 2 \s B 2 . 
' £ shown *ta J£a, the 16 signal points are allocated in a vector coordinate, in which each point represents 
a four-bit pattern thus to allow the transmission of four bit data per period or time slot 
Pio«> illustrates a common assignment of two-bit patterns to the 16 signal points. 
^SS^ZZ two adjacent signal points is great, it will be identified by the 
ease Hence ft te desired to space the signal points at greater intervals. If two part.cular signal PO'nJ areal- 
M lS2 to each other, they are rarely distinguished and error rate wU. be increased. ^ef«e 't is ^ 
prafeTOd to have the signal points spaced at equal intervals as shown in F.g.5. ,n which the 16 QAM signal « 

^^ansrnSf r* 1 of the embodiment is arranged to divide an input digital signal into a first, a second and 
a thiL Lta oTblt stream. The 16 signal points or groups of signal points are divided .nto four groups. Then. 4 
M?£^?Mdi stream are assigned to the four signal point groups respective* as shown in 
£. when the two-b« pattern of the first data stream is 11. one of four s.gnal points of the 
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first signal point group 91 in the first quadrant is selected depending on the content of the second data stream 
for transmission. Similarly, when 01. one signal point of the second signal point group 92 in the second quadrant 
is selected and transmitted. When 00. one signal point of the third signal point group 93 in the third quadrant 
is transmrtted and when 10. one signal point of the fourth signal point group 94 in the fourth quadrant is trans- 
mitted. Also, 4 two-bit patterns in the second data stream of the 16 QAM signal, or e.g. 16 four-bit patterns in 
the second data stream of a 64-state QAM signal, are assigned to four signal points or sub signal point groups 
of each of the four signal point groups 91.92.93.94 respectively, as shown in Rg.7. It should be understood 
that the assignment is symmetrical between any two quadrants. The assignment of the signal points to the four 
groups 91,92,92.94 Is determined by priority to the two-bit data of the first data stream. As the result, two-bit 
data of the first data stream and two-bit data of the second data stream can be transmitted independently Also 
the first data stream win be demodulated with the use of a common 4 PSK receiver having a given antenna 
sensitivity. If the antenna sensitivity is higher, a modified type of the 1 6 QAM receiver of the present invention 
will intercept and demodulate both the first and second data streams with equal success. 

Fig.8 shows an example of the assignment of the first and second data streams in two-bit patterns 
When the low frequency band component of an HDTV video signal is assigned to the first data stream and 
the high frequency component to the second data stream, the 4 PSK receiver can produce an r>TTSC-level pic- 
ture fromthe first data stream and the 16- or 64-state QAM receiver can produce an HDTV picture from a com- 
posite reproduction signal of the first and second data streams. 

Since the signal points are allocated at equal intervals, there is developed in the 4 PSK receiver a threshold 
distance between the coordinate axes and the shaded area of the first quadrant, as shown in Fig.9 If the 
threshold distance is A TO . a 4 PSK signal having an amplitude of A TO wfli successfully be intercepted. However 
the amplitude has to be increased to a three times greater value or 3A TO for transmission of a 16 QAM signal . 
while the threshold distance A TO being maintained. More particularly, the energy for transmitting the 16 QAM 
signal is needed nine times greater than that for sending the 4 PSK signal. Also, when the 4 PSK signal is trans- 
mitted in a 16 QAM mode, energy waste will be high and reproduction of a carrier signal will be troublesome 
Above all. the energy available for satellite transmitting is not abundant but strictly limited to minimum use. Hen- 
ce, no large-energy-consuming signal transmitting system wfll be put into practice until more energy for satellite 
transmission is available. It is expected that a great number of the 4 PSK receivers are introduced into the mar- 
ket as digital TV broadcasting Is soon in service. After introduction to the market, the 4 PSK receivers wfll hardly 
be shifted to higher sensitivity models because a signal intercepting characteristic gap between the two old 
and new. models Is high. Therefore, the transmission of the 4 PSK signals must not be abandoned. In this re- 
spect, a new system is desperately needed for transmitting the signal point data of a quasi 4 PSK signal In the 
16 QAM mode with the use of less energy. Otherwise, the limited energy at a satellite station will degrade the 
entire transmission system. 

The present invention resides in a multiple signal level arrangement in which the four signal point groups 
91,92,93,94 are allocated at a greater distance from each other, as shown in Fig.10, for minimizing the energy 
consumption required for 16 QAM modulation of quasi 4 PSK signals. 

For clearing the relation between the signal receiving sensitivity and the transmitting energy; the arrange- 
ment of the digital transmitter 51 and the first receiver 23 will be described in more detail referring to Fig.1 . 

Both the digital transmitter 51 and the first receiver 23 are formed of known types for data transmission or 
video signal transmission e.g. in TV broadcasting service. As shown in Fig.17, the digital transmitter 51 is a 4 
PSK transmitter equivalent to the multiple-bit QAM transmitter 1 , shown in Fig.2. without AM modulation capabi- 
lity. In operation, an input signal is fed through an input unit 52 to a modulator 54 where it is divided by a mod- 
ulator input 121 to two components. The two components are then transferred to a first two-phase modulator 
circuit 122 for phase modulation of a base carrier and a second two-phase modulator circuit 123 for phase 
modulation of a earner which is 90' out of phase with the base carrier respectively. Two outputs of the first and 
second two-phase modulator circuits 122.123 are then summed by a summer 65 to a composite modulated 
signal which is further transferred from a transmitter unit 55. 

The resultant modulated signal is shown in the space diagram of Fig.18. 

It is known that the four signal points are allocated at equal distances for achieving optimum energy utili- 
zation. Fig.18 illustrates an example where the foursignal points 125,126,127,128 represent 4 two-bit patterns, 
11. 01, 00, and 10 respectively. It is also desired for successful data transfer from the digital transmitter 51 to 
the first receiver 23 that the 4 PSK signal from the digital transmitter 51 has an amplitude of not less than a 
given level. More specifically, when the minimum amplitude of the 4 PSK signal needed for transmission from 
the digital transmitter 51 to the first receiver 23 of 4 PSK mode, or the distance between 0 and a, in Fig.18 is 
A T0 , the first receiver 23 can successfully intercept any 4 PSK signal having an amplitude of more than A to . 

The first receiver 23 is arranged to receive at its small-diameter antenna 22 a desired or 4 PSK signal which 
Is transmitted from the transmitter 1 or digital transmitter 51 respectively through the transponder 12 of the satel- 
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lite 10 and demodulate it with the demodulator 24. In more particular, the first receiver 23 is substantially de- 
signed for interception of a digital TV or data communications signal of 4 PSK or 2 PSK ™<**- 

Fig 19 is a block diagram of the first receiver 23 in which an input s.gnal rece,ved by the antenna 22 from 
the satellite 12 la fed through the input unit 24 to a carrier reproducing circuit 131 where a earner wave a de- 
modulated and to a */2 phase shifter 132 where a 90« phase shifted carrier wave is demodulated. Also, two 
SSSSphaae components of the input eigne, are detected by a first 133 and a second phase detector crcu.t 
134 respectively and transferred to a first 136 and a second discrimination/ demodulator orcurt 137 respect- 
ively Two demodulated components from their respective discrimination/demodulation orcurts 136 and 137, 
which have separately been discriminated at units of time slot by means of timing signals from a Uming wave 
extracting circuit 135. are fed to a first data stream reproducing unit 232 where they are summed to a first data 
stream signal which is then delivered as an output from the output unit 26. «,•«,„,„„, 
The input signal to the first receiver 23 will now be explained in more detail referring to the vector diagram 
of Fig 20 The 4 PSK signal received by the first receiver 23 from the digital transmitter 51 is expressed in an 
ideal form without transmission distortion and noise, using four signal points 1 51 .152.153 1 54 shown in F.g.20 
n practice, the real four signal points appear in particular extended areas about Ihe .deal signal pos.uons 
151 152.153.154 respectively due to noise, amplitude distortion, and phase error developed during fransm.s- 
sion. If one signal potot is unfavorably displaced from its original position, it will hardly be d^nguished from 
its neighborsignal point and the error rate will thus be increased. As the error rate increases to a cntical level, 
the reproduction of data becomes less accurate. For enabling the data reproduction at a maximum accepted 
leve of the error rate, the distance between any two signal points should be far enough to be dist.ngu.shed 
from each other. If the distance is 2/W the signal point 151 of a 4 PSK sig nal at close to 
has to stay in a first discriminating area 155 denoted by the hatching of F.g.20 and determined by 1 D-a*, J. =A«o 
and lo-bJaAKo-Thisallows the signal transmission system to reproduce ^ ,er ^ vesand ^ u "'^"' a ^ 
a wanted signal When the minimum radius of the antenna 22 is set to r B . the transm.ss.on s.gna o mn; rhan 
a given level can be intercepted by any receiver of the system. The amplitude of a 4 PSK .s .gnaT 
transmitter 51 shown in Fig.18 is minimum at A TO and thus, the m.n.mum ampl.tude A™ of a 4 PSK s.gnal to 
be received by the first receiver 23 is determined egua. to A T <, As the result, the first rece.ver 23 can nnteroep 
and demodulate the 4 PSK signal from the digital transmitter 51 at the maximum acceptable ' '*vel of the error 
rate when the radius of the antenna 22 is more than r„. If the »ransm.ss.on s.gnal « of mod.fied 16 -or _64-stato 
STm mode, the first receiver 23 may find difficult to reproduce its earner wave. For compensate *e*gnal 
points are Increased to eight which are allocated at angles of (*/4W2) as shown .n F.g.25-a and I .tocomer 
wave will be reproduced by a 1 6x multiplication technique. Also, if the signal pomts are ass.gned to ; 1 6 locations 
TanZ of 3? as shown in Fig.25-b. the carrier of a guasi 4 PSK mode 16 QAM modulated s.gnal *n _ be 
^produced with the carrier reproducing circuit 131 which is modified for performing W ljW mul t.ph- 
cation. At the time, the signal points in the Iransmilter 1 should be arranged to safsfy A ^ A ^r^± naS 
Here.acaseofrece.vingaQPSKsignalwUlbe considered. Simdariyto the manner performed by »he «^n3l 
poinrmodulating/changing circuit 67 in the transmitter shown in Fig.2. it is also poss.ble to modulate the posh 
tions of me signal pointo of the QPSK signal shown in Ffc.18 ^^^f> n J^^^ n ^ 
like) In this case, the signal point demodulating unit 138 in the first receiver 23 demodulates Ihe position mod- 
uXed or position changed sSgnal. The demodulated signal is outputted togett.erw.th the first daU . stream^ 
The 16 QAM signal of the transmitter 1 will now be explained referring to the vector d.agram of F.g9 When 
the horteontol vector distance A, of the signal point 83 is greater than A T0 of the irummum amplitude of the 4 
?SK s?na" of ti4 digital transmitter 51. the four signal points 83,84.85.86 in the first guadran of F.g.9 stoy in 
me shaded or first 4 PSK signal receivable area 87. When recerved by the first reader 23. the fou r po.nts ^of 
toe signal appear in the firs! discriminating area of the vector field shown in F.g.20 Hence, any of toe s.gnal 
Sntoo3.XM.86 of Fig.9 can be translated into the signal levei 151 of Fig.20 by the first rece.ver 23 so , ttmt 
Ke two* it pattern of 1 1 is assigned to a corresponding time slot. The two-bit pattern of 1 1 .s .denUcal to 1 1 of 
mefi^n^ 

witi brreproduced a?the second, third, or fourth guadrant As the result, toe first receiver 25 > "f"<^"°* t 
da a of the first data stream out of the plurality of data streams in a 16-. 32- or 64-state QAM signal 
from the transmitter 1. The second and third data streams are contained in four segments of the w£P™>' 
gro^p 9i?nd thus, will not affect on the demodulation of the first data stream They may however affect the 
reproduction of a carrier wave and an adjustment, described later, will be needed. 

If the transponder of a satellite supplies an abundance of energy, the foregoing technique of 16 to 64-state 
« QAM rr^BlranTmlsYion will be feasible. However, the transponder of the satellite in any existing satellite trans- 
mlsl^ys*^ 

w Z binsponder or satellite is Increased In size thus weight, its launching cost w.ll soar. Th.s d.sadvantoge 
wiJ raS^e etim nated by traditional techniques unless the cost of .aunching a satell.te rocket ,s reduced to 
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a considerable level. In the existing system, a common communications satellite provides as low as 20 W of 
power supply and a common broadcast satellite offers 1 00 W to 200 W at best For transmission of such a 4 
PSK signal in the symmetrical 16-state QAM mode as shown in Fig.9. the minimum signal point distance is 
needed 3Ato as the 16 QAM amplitude is expressed by 2A,=A2. Thus, the energy needed for the purpose b 
nine times greater than that for transmission of a common 4 PSK signal, in order to maintain compatibility. Also 
any conventional satellite transponder can hardly provide a power for enabling such a small antenna of the 4 
PSK first receiver to intercept a transmitted signal therefrom. For example, in the existing 40W system, 360 W 
is needed for appropriate signal transmission . and will be unrealistic in the respect of cost 

It would be understood that the symmetrical signal state QAM technique is most effective when the receiv- 
ers equipped with the same sized antennas are employed corresponding to a given transmitting power. Another 
novel technique wfll however be preferred for use with the receivers equipped with different sized antennas 

In more detail, whfle the 4 PSK signal can be intercepted by a common low cost receiver system having a 
smafl antenna, the 16 QAM signal is intended to be received by a high cost, high quality, multiple-bit modulating 
receiver system with a medium or large sized antenna which is designed for providing highly valuable services, 
e.g. HDTV entertainments, to a particular person who invests more money. This allows both 4 PSK and 16 QAM 
signals, if desired, with a 64 DMA, to be transmitted simultaneously with the help of a small increase in the 
transmitting power. 

For example, the transmitting power can be maintained low when the signal points are allocated at A,=A 2 
as shown in Fig.10. The amplitude A(4) for transmission of 4 PSK data is expressed by a vector 96 equivalent 
to a square root of 2A,*. The amplitude A(16) of the entire signal is expressed by a vector 96 equivalent to a 
square root of (At+AJ^-tB^B^. Then, 

|A(4)|* = A^ + Bt* = A T o 2 + A T0 * = 2A T0 * 
|A(16)|2 = (A, + + ^ + 82)* = 4A ro 2 + 4ATo 2 = 28A TQ 2 
|A(16)|/|A(4)| = 2 

Accordingly, the 1 6 QAM signal can be transmitted at a two times greater amplitude and a four times greater 
transmitting energy than those needed for the 4 PSK signal. A modified 1 6 QAM signal according to the present 
invention wfll not be demodulated by a common receiver designed for symmetrical, equally distanced signal 
point QAM. However, it can be demodulated with the second receiver 33 when two thresholds A, and A 2 are 
predetermined to appropriate values. At Fig.10. the minimum distance between two signal points in the first 
segment of the signal point group 91 is A, and A 2 /2A, is established as compared with the distance 2A, of 4 
PSK. Then, as A,=A 2 . the distance becomes 1/2. This explains that the signal receiving sensitivity has to be 
two times greater for the same error rate and four times greater for the same signal level. For having a four 
times greater value of sensitivity, the radius r 2 of the antenna 32 of the second receiver 33 has to be two times 
greater than the radius r, of the antenna 22 of the first receiver 23 thus satisfying r 2 =2r t . For example, the anten- 
na 32 of the second receiver 33 is 60 cm in diameter when the antenna 22 of the first receiver 23 is 30 cm. In 
this manner, the second data stream representing the high frequency component of an HDTV signal will be 
carried on a single channel and demodulated successfully. As the second receiver 33 Intercepts the second 
data stream or a higher data signal, its owner can enjoy a return of his higher investment. Hence, the second 
receiver 33 of a higher price may be accepted. As the minimum energy for transmission of 4 PSK data is pre- 
determined, the ratio n 18 of modified 16 APSK transmitting energy to 4 PSK transmitting energy will be calcu- 
lated to the antenna radius r 2 of the second receiver 33 using a ratio between A, and A 2 shown in Fig.10. 

In particular, n 18 Is expressed by ((Aj+AJ/AO 2 which is the minimum energy for transmission of 4 PSK data. 
As the signal point distance suited for modified 16 QAM interception is A 2 , the signal point distance for 4 PSK 
interception is 2A 1f and the signal point distance ratio is AJ2A U the antenna radius r 2 is determined as shown 
in Fig.1 1 , in which the curve 1 01 represents the relation between the transmitting energy ratio n 16 and the radius 
r 2 of the antenna 22 of the second receiver 23. 

Also, the point 102 indicates transmission of common 16 QAM at the equal distance signal state mode 
where the transmitting energy is nine times greater and thus will no more be practical. As apparent from the 
graph of Fig.11. the antenna radius r 2 of the second receiver 23 cannot be reduced further even if n, 6 is in- 
creased more than 5 times. 

The transmitting energy at the satellite is limited to a small value and thus, n,« preferably stays not more 
than 5 times the value, as denoted by the hatching of Flg.11. The point 104 within the hatching area 103 indi- 
cates, for example, that the antenna radius r 2 of a two times greater value is matched with a 4x value of the 
transmitting energy. Also, the point 105 represents that the transmission energy should be doubled when r 2 is 
about 5x greater. Those values are all within a feasible range. 

The value of n 1fl not greater than 5x value is expressed using A, and A 2 as: 

n,a = ((A^AJ/AO^S 

Hence. A2S1.23A,. 
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If the distance between any two signal point group segments shown in Fig.10 is 2A<4) and the J"-*"" 
. amplitude b 2A(16). A(4) and A(16)-A(4) are proportional to A, and A, respecuvely. Hence. (A(16))^5(A(14))* 

13 OS fn b e" ac«o d n of a modified 64 ASPK transmission wil. be described as the third receiver 43 can perform 64- 

with 4 s ignLl points FfCS The first signal point group segment 91 in Fig.12 has a 4 x4 m a£c of 16 s^nal 
rointe aHted afequal intervale including the point 170. For providing compat.bihty w.th 4 PSK. A.SAto has 

of the antenna 42 of the third receiver 43 is r, and the transm,tt,ng energy « n.,. 
10 the equation is expressed as: 



r 3 * = {62/(n-1)}r, 2 
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This relation between r 3 and n of a 64 QAM signal is also shown in the graphic representation 

I te understood that the signal point assignment shown in Fig.12 allows the second rece,ver 33 to demod- 

« tAA o;«n=,i nninhj 202 206 210.214 represent 01, the signal points 203,Z0f i X^o repre*»m u«, 

91 ^JSm they are spaced by 2/3A 2 . In this case, the distance between the two signal points 201 

40 n M timee the 4 PSK transmitting energy, the equation is expressed as: 

rj 2 - (12r,)*/(n-1) . 

« SSStt^S data sLm is close to 2/3A, the re.aUon between r, and r 2 ,s expressed by 

r 2 2 - (3r t ) 2 /(n-1) 

Therefore.the antenna 32 of the second receiver 33 has to beabit increased in radius as denoted by the curve 
ment will highly be ensured described. As compared with the first re- 
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demodulated. The ratio between A| and A 2 is however different in the two transmitters. The two different data 
are loaded to a demodulation controller 231 of the second receiver 33, shown in Fig.21, which in turn supplies 
their respective threshold values to the demodulating circuit for AM demodulation. 

The block diagram of the second receiver 33 in Fig.21 is similar in basic construction to that of the first 
receiver 23 shown in Fig.1 9. The difference is that the radius r 2 of the antenna 32 is greater than r, of the antenna 
22. This allows the second receiver 33 to identify a signal component involving a smaller signal point distance. 
The demodulator 35 of the second receiver 33 also contains a first 232 and a second data stream reproducing 
unit 233 in addition to the demodulation controller 231 . There is provided a first discrimination/reproduction cir- 
cuit 1 36 for AM demodulation of modified 1 6 QAM signals. As u nderstood, each carrier is a four-bit signal having 
two, positive and negative, threshold values about the zero level. As apparent from the vector diagram of Fig.22, 
the threshold values are varied depending on the transmitting energy of a transmitter since the transmitting sig- 
nal of the embodiment is a modified 16 QAM signal. When the reference threshold is TH 18t it is determined by, 
as shown in Fig.22: 

TH 16 = (At+A^/tA.+Aj) 

The various data for demodulation including A1 and A 2 or TH, 6 . and the value m for multiple-bit modulation 
are also transmitted from the transmitter 1 as earned in the first data stream. The demodulation controller 231 
may be arranged for recovering such demodulation data through statistic process of the received signal. 

A way of determining the shift factor A|/A 2 will be described with reference to Fig.26. A change of the shift 
factor A t /A 2 causes a change of the threshold value. Increase of a difference of a value of Aj/A 2 set at the re- 
ceiver side from a value of A^A 2 set at the transmitter side will increase the error rate. Referring to Fig.26, the 
demodulated signal from the second data stream reproducing unit 233 may be fed back to the demodulation 
controller 231 to change the shift factor A t /A 2 in a direction to decrease the error rate. By this arrangement, 
the third receiver 43 may not demodulate the shift factor A, /A 2( so that the circuit construction can be simplified. 
Further, the-transmitter may not transmit the shift factor Aj/A* so that the transmission capacity can be in- 
creased. This technique can be applied also to the second receiver 33. 

The demodulation controller 231 has a memory 231a for storing therein different threshold values (i.e., the 
shift factors, the number of signal points, the synchronization rules, eta) which correspond to different channels 
of TV broadcast When receiving one of the channels again, the values corresponding to the receiving channel 
will be read out of the memory to thereby stabilize the reception quickly. 

If the demodulation data is lost, the demodulation of the second data stream will hardly be executed. This 
will be explained referring to a flow chart shown in Fig.24. 

Even if the demodulation data is not available, demodulation of the 4 PSK at Step 313 and of the first data 
stream at Step 301 can be implemented. At Step 302, the demodulation data retrieved by the first data stream 
reproducing unit 232 is transferred to the demodulation controller 231. If m is 4 or 2 at Step 303, the demodu- 
lation controller 231 triggers demodulation of 4 PSK or 2 PSK at Step 31 3. If not, the procedure moves to Step 
310. At Step 305, two threshold values TH e and TH 16 are calculated. The threshold value TH t6 for AM demod- 
ulation is fed at Step 306 from the demodulation controller 231 to both the first 136 and the second discrimi- 
nation/reproduction circuit 137. Hence, demodulation of the modified 16 QAM signal and reproduction of the 
second data stream can be carried out at Steps 307 and 315 respectively. At Step 308, the error rate is 
examined and if high, the procedure returns to Step 313 for repeating the 4 PSK demodulation. 

As shown in Fig.22, the signal points 85,83 are aligned on a line at an angle of cos(o>t+nn/2) while 84 and 
86 are off the line. Hence, the feedback of a second data stream transmitting carrier wave data from the second 
data stream reproducing unit 233 to a carrier reproducing circuit 131 is carried out so that no carrier needs to 
be extracted at the timing of the signal points 84 and 86. 

The transmitter 1 is arranged to transmit carrier timing signals at intervals of a given time with the first data 
stream for the purpose of compensation for no demodulation of the second data stream. The carrier timing sig- 
nal enables to identify the signal points 83 and 85 of the first data stream regardless of demodulation of the 
second data stream. Hence, the reproduction of carrier wave can be triggered by the transmitting carrier data 
to the earner reproducing circuit 131. 

It is then examined at Step 304 of the flow chart of Fig.24 whether m is 16 or not upon receipt of such a 
modified 64 QAM signal as shown in Fig.23. At Step 310, it is also examined whether m is more than 64 or 
not If it is determined at Step 31 1 that the received signal has no equal distance signal point constellation, the 
procedure goes to Step 312. The signal point distance TH M of the modified 64 QAM signal is calculated from: 

TH64 = (Ai + A 2 f2)f(A i + AJ 
This calculation is equivalent to that of TH ia but its resultant distance between signal points is smaller. 

If the signal point distance in the first sub segment 181 is A 3 , the distance between the first 181 and the 
second sub segment 182 Is expressed by (A2-2A3). Then, the average distance is (A 2 -2A 3 )/(A 1 +A 2 ) which is 
designated as d M . When d M is smaller than T 2 which represents the signal point discrimination capability of 
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the second receiver 33. any two signal points in the segment will hardly be d.sbngu,shed from each 
judgment is executed at Step 313. If d M is out of a permissive range, the 

for 4 PSK mode demodulation. If d M is within the range, the procedure advances to Step 305 io _ aB lowing me 
d^modulalof16QAMatS te p307.lfiti^ 

Doin^e alaSTorcosPntn.^). the carrier waves of the signal are lengthened to the same .phase and 
witn mucheaL At the ume. two-bit data of ^ITd^^StS^ 
fte 4-PSk receiver while one-bit data of the second data stream is demodulated w,th the second rece^er 33 

R 9 .26 shows a b.ocK diagram of the ft*, recefcer 

43 ££l IhaTof Te second receiver33 in Fig.21. The difference is ^J^.^^S^Z 
234 Is added and also, the discrimination/reproduction circuit has a capabdrty of .denufy.ng <«MM«LTta 
^ n „n fl 42 of Te third receiver 43 has a radius r, greater than r 2 thus allowing smaller detance state signals. 

V3lU S shown in Flg.27. when the three normalized threshold values are TH1 M . TH2 M . and TH3 M . they are 
expressed by: TH1« - <**A*W***> 

TH2e« = (Ai + AJ2)l(ki * Aj) and 
TH3 M = (A| ♦ A2*Aa/2)/(A| + Aj). 
Through AM demodulaUon of a phase detected signal using the three threshold 

£ZS££^*^ from the flow chart for demodulaUon of 16 QAM shown 

SneTThe procedure moves from Step 304 to Step 320 where it Is exammed Aether m-32 or not If m-32 

demodulauo^QAMs^ 

fLttSiiS^ - S for ft. time slot interval to the sync uming data region 499 of a sync data 
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block, as shown in Fig.41. 

The content of a transmitting signal will be explained in more detail referring to Fig.41. The time slot group 
451 containing the sync time slots 452,453,454,455 represents a unit data stream or block 491 carrying a data 
of Dn. 

5 The sync time slots in the signal are arranged at equal intervals of a given time determined by the time 

slot interval or sync timing data. Hence, when the arrangement of the sync time slots is detected, reproduction 
of carrier waves will be executed slot by slot through extracting the sync timing data from their respective time 
slots. 

Such a sync timing data S is contained in a sync block 493 accompanied at the front end of a data frame 
10 492, which is consisted of a number of the sync time slots denoted by the hatching in Fig.41. Accordingly, the 
data to be extracted for carrier wave reproduction are increased, thus allowing the 4 PSK receiver to reproduce 
desired carrier waves at higher accuracy and efficiency. 

The sync block 493 comprises sync data regions 496,497,498....containing sync data S1.S2.S3,... respect- 
ively which include unique words and demodulation data. The phase sync signal assignment region 499 is ac- 
ts companied at the end of the sync block 493, which holds a data of l T including information about interval 
arrangement and assignment of the sync time slots. 

The signal point data in the phase sync time slot has a particular phase and can thus be reproduced by 
the 4 PSK receiver. Accordingly, l T in the phase sync signal assignment region 499 can be retrieved without 
error thus ensuring the reproduction of carrier waves at accuracy, 
20 As shown in Fig.41, the sync block 493 is followed by a demodulation data block 501 which contains de- 

modulation data about threshold voltages needed for demodulation of the modified multiple-bit QAM signal. 
This data is essential for demodulation of the multiple-bit QAM signal and may preferably be contained in a 
region 502 which is a part of the sync block 493 for ease of retrieval. 

Fig.42 shows the assignment of signal data for transmission of burst form signals through a TDMA method. 
25 The assignment is distinguished from that of Fig.41 by the fact that a guard period 521 is inserted between 

any two adjacent Dn data blocks 491,491 for interruption of the signal transmission. Also, each data block 491 
is accompanied at front end a sync region 522 thus forming a data block 492. During the sine region 522, the 
signal points at a phase of (2n-1)«/4 are only transmitted. Accordingly, the earner wave reproduction will be 
feasible with the 4 PSK receiver. More specifically, the sync signal and carrier waves can be reproduced through 
30 the TDMA method. 

The carrier wave reproduction of the first receiver 23 shown in Fig. 19 will be explained in more detail ref- 
erring to Figs.43 and 44. As shown in Fig.43, an input signal is fed through the input unit 24 to a sync detector 
circuit 541 where it is sync detected. A demodulated signal from the sync detector 541 is transferred to an output 
circuit 542 for reprodcution of the first data stream. A data of the phase sync signal assignment data region 

35 499 (shown in Fig.41) is retreived with an extracting timing controller circuit 543 so that the timing of sync signals 
of (2n-1)n/4 data can be acknowledged and transferred as a phase sync control pulse 561 shown in Fig.44 to 
a carrier reproduction controlling circuit 544. Also, the demodulated signal of the sync detctor circuit 541 is fed 
to a frequency multiplier circuit 545 where it is 4x multiplied prior to transmitted to the carrier reproduction con- 
trolling circuit 544. The resultant signal denoted by 562 in Fig.44 contains a true phase data 563 and" other data. 

40 As illustrated in a time chart 564 of Fig.44, the phase sync time slots 452 carrying the (2n-1)7i/4 data are also 
contained at equal intervals. At the carrier reproducing controlling circuit 544, the signal 562 is sampled by the 
phase sync control pulse 561 to produce a phase sample signal 565 which is then converted through sample- 
hold action to a phase signal 566. The phase signal 566 of the carrier reproduction controlling circuit 544 is fed 
across a loop filter 546 to a VCO 547 where its relevant carrier wave is reproduced. The reproduced carrier is 

45 then sent to the sync detector circuit 541 . In this manner, the signal point data of the (2n-1)n/4 phase denoted 
by the shaded areas in Fig. 39 is recovered and utilized so that a correct carrier wave can be reproduced by 
4x or 16x frequency multiplication. Although a plurality of phases are reproduced at the time, the absolute phase 
of the carrier can successfully be idenfitied with the use of a unique word assigned to the sync region 496 shown 
in Fig.41. 

so For transmission of a modified 64 QAM signal such as shown in Fig.40, signal points in the phase sync 

areas 471 at the (2n-1)*/4 phase denoted by the hatching are assinged to the sync time slots 452,452b, etc. 
Its carrier can be reproduced hardly with a common 4 PSK receiver but successfully with the first receiver 23 
of 4 PSK mode provided with the earner reproducing circuit of the embodiment 

The foregoing carrier reproducing circuit is of COSTAS type. A carrier reproducing circuit of reverse modu- 
65 lation type will now be explained according to the embodiment 

Fig .45 shows a reverse modulation type carrier reproducing circuit according to the present invention, in 
which a received signal is fed from the input unit 24 to a sync detector circuit 541 for producing a demodulated 
signal. Also, the input signal is delayed by a first delay circuit 591 to a delay signal. The delay signal is then 
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transferred to a quadrature phase modulator circuit 592 where tjjj^ 

signal from the sync detector circuit 541 to >-"~*£™ aVCO 547 is delayed by a 

Oon controller circuit 544 to a phase comparator 593 A ca mer w f ° j^,. 593. At the phase corn- 

second delay circuit 594 to a delay signal which ,s also •*^^J2ES^ ni , thus producing 
parator 594. the reverse demodualted earner signal « ^f'^^ZpZrSLle VCO 547 which 
a phase difference signal. The P^*^^^ same manner as of 

in turn produces a earner wave arranged . .phase ™J m ° re< ^ ^ circuit 543 performs 

the COSTAS carrier reproducing circuit shown .n ^ 4 ' ^^S ' ^ carrier wave of a 16 or 64 
sampling of signal points contained in the hatching areas of F.g.39. Accortmg'y. me cam 
O^signa, cJn Reproduced with the The transmitter 1 

The reproduction of . .earner wave ^^^S^OM signal JL assignment of its signal 
shown In Fig.1 is arranged to modulate and transmit a modmea 10 a ^ fae f& _ 

points atmr/8 phase as shown in ^^^S^tSS^^ multiplier circuit 661 shown 
produced with its COSTAS earner reproduction ^"t^^ 

in Fig.48. The signal points at each ^uTdTthe clbinaJon of a loop filter 546 
^i^^soX^ 

cation is completed. „•„„„,„„„ lha carri er wave of all the signal points of the modified 16 QAM 

but allows ft. aitangam.nl to n. (aoMateii. Th» «»»'» J"™" ' , ^ 47)0 mnamlaad owing 
zing action during the period thus minimizing phase e ™ r - reproduce the carrier wave 

More specifically, three different level receivers rtHhm !S2£!SSE so that any one of them 
sensitivity and demodulating ^ to Jprice. When 

can be selected depending on a wanted data size 10 D ° u tooether with a small antenna, its owner can 

third data streams of the signal. t^j--,.. rncaiver of low price, it will overwhelmingly be 

If the first receiver is a home-use digital ^"T^^^^^JS^ antenna cost* more and 
welcome by a majority of vlewers.The ^«^S^2TlZS^ «*» ^ * W 
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are carried on one single channel wave and will offer compaUbaity with each other. Although the first embodi- 
ment refers to a 4 PSK, a modified 8 QAM, a modified 16 QAM, and a modified 64 QAM signal, other signals 
will also be employed with equal success including a 32 QAM, a 256 QAM. an 8 PSK. a 16 PSK. a 32 PSK 
signal. It would be understood that the present invention is not limited to a satellite Transmission system and 
will be applied to a terrestrial communications system or a cable transmission system. 

Embodiment 2 



A second embodiment of the present invention is featured in which the physical multi-level arrangement 
of the first embodiment Is divided into small sub levels through e.g. discrimination in error correction capability, 
thus forming a logic multi-level construction. In the first embodiment, each multi-level channel has different 
levels in the electric signal amplitude or physical demodulating capability. The second embodiment offers dif- 
ferent levels in the logic reproduction capability such as error correction. For example, the data D t in a multi-level 
channel is divided into two, D^, and D,^, components and D^, is more increased in the error correction capabi- 
lity than D,_2 for discrimination. Accordingly, as the error detection and correction capability is different between 
D,., and at demodulation. D,_, can successfully be reproduced within a given error rate when the C/N level 
of an original transmitting signal Is as low as disenabling the reproduction of D,.* This will be Implemented 
using the logic multi-level arrangement 

More specifically, the logic multi-level arrangement is consisted of dividing data of a modulated multi-level 
channel and discriminating distances between error correction codes by mixing error correction codes with pro- 
duct codes for varying error correction capability. Hence, a more multi-level signal-can be transmitted. 

In fact, a D, channel is divided into two sub channels D 1M and D,_ 2 and a D 2 channel is divided into two 
sub channels D 2 -i and D 2 _ 2 . 

This will be explained in more detail referring to Fig.87 in which D U1 is reproduced from a lowest C/N signal. 
If the C/N rate is d at minimum, three components D,^, D 2 -i. and D 2 _ 2 cannot be reproduced while D,_t is re- 
produced; If C/N is not less than c, O ut can also be reproduced. Equally, when C/N is b, D 2 _, is reproduced 
and when C/N is a, P2- 2 is reproduced. As the C/N rate Increases, the reproducible signal levels are increased 
In number. The lower the C/N, the fewer the reproducible signal levels. This will be explained in the form of 
relation between transmitting distance and reproducible C/N value referring to Fig.86. In common, the C/N value 
of a received signal Is decreased In proportion to the distance of transmission as expressed by the real line 
861 in Fig.B6. It is now assumed that the distance from a transmitter antenna to a receiver antenna is La when 
C/N=a, Lb when G/N=b, Lc when C/N=c, Ld when C/N=d, and Le when C/N=e. if the distance from the trans- 
mitter antenna is greater than Ld, D,.., can be reproduced as shown in Fig.85 where the receivable area 862 
is denoted by the hatching. In other words, D,_, can be reproduced within a most extended area. Similarly, D,_ 2 
can be reproduced in an area 863 when the distance is not more than Lc. In this area 863 containing the area 
862, D,., can with no doubt be reproduced. In a smaller area 854, D 2 -, can be reproduced and in a smallest 
area 865, D 2 ^ can be reproduced. As understood, the different data levels of a channel can be- reproduced 
corresponding to degrees of declination in the C/N rate. The logic multi-level arrangement of the signal trans- 
mission system of the present invention can provide the same effect as of a traditional analog transmission 
system In which the amount of receivable data Is gradually lowered as the C/N rate decreases. 

The construction of the logic multi-level arrangement will be described in which there are provided two 
physical levels and two logic levels. Flg.87 Is a block diagram of a transmitter 1 which Is substantially Identical 
In construction to that shown in Fig.2 and described previously in the first embodiment and will no further be 
explained In detail. The only difference Is that error correction code encoders are added as abbreviated to ECC 
encoders. The divider circuit 3 has four outputs 1-1, 1-2, 2-1, and 2-2 through which four signals D,. lf D,^, 
D 2M , and D 2 . 2 divided from an input signal are delivered. The two signals Q ut and D,_ 2 are fed to two, main 
and sub, ECC encoders 872a,873a of a first ECC encoder 871a respectively for converting to error correction 
code forms. 

The main ECC encoder 872a has a higher error correction capability than that of the sub ECC encoder 
873a. Hence, D,^ can be reproduced at a lower rate of C/N than D,_ 2 as apparent from the CN-level diagram 
of Fig.85. More particularly, the logic level of D w is less affected by declination of the C/N than that of D,_ 2 . 
After error correction code encoding, D U1 and are summed by a summer B74a to a D t signal which is then 
transferred to the modulator 4. The other two signals D 2 _, and Da_ 2 of the divider circuit 3 are error correction 
encoded by two, main and sub, ECC encoders 872b,873b of a second ECC encoder 871b respectively and 
then, summed by a summer 874b to a D 2 signal which is transferred to the modulator 4. The main ECC encoder 
872b Is higher In the error correction capability than the sub ECC encoder 873b. The modulator 4 in turn pro- 



16 



1 



EP 0 506 400 A2 



M «*» Is almost H^W Mr » , rim. In R 9 .»7 fa*., 

30 the C/N and error rate relation and the line 882 represents at the same. 

As the C/N rate of an Input signs, decreases, the error rate >"-° s ^ 
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[mage data. 
Embodiment 3 

A third embodiment of the present invention wOl be described referring to the relevant drawings. 

Fig.29 is a schematic total view illustrating the third embodiment in the form of a digital TV broadcasting 
system. An input video signal 402 of super high resolution TV image is fed to an input unit 403 of a first video 
encoder 401. then, the signal is divided by a divider circuit 404 into three, first, second, and third, data streams 
which are transmitted to a compressing circuit 405 for data compression before further delivered. 

Equally, other three input video signals 406, 407, and 408 are fed to a second 409, a third 410, and a fourth 
video encoder 411 respectively which all are arranged identical in construction to the first video encoder 401 
for data compression. 

The four first data streams from their respective encoders 401,409,410,41 1 are transferred to a first mul- 
tiplexer 413 of a multiplexer 412 where they are time multiplexed by TDM process to afirstdata stream multiplex 
signal which is fed to a transmitter 1. 

A part or all of the four second data streams from their respective encoders 401 ,409,410,41 1 are transferred 
to a second multiplexer 414 of the multiplexer 412 where they are time multiplexed to a second data stream 
multiplex signal which is then fed to the transmitter 1 . Also, a part or all the four third data streams are transferred 
to a third multiplexer 41 5 where they are time multiplexed to a third data stream multiplex signal which is then 
fed to the transmitter 1. 

The transmitter 1 performs modulation of the three data stream signals with its modulator 4 by the same 
manner as described in the first embodiment. The modulated signals are sentfrom a transmitter unit 5 through 
an antenna 6 and an uplink 7 to a transponder 12 of a satellite 10 which in turn transmits it to three different 
receivers including a first receiver 23. 

The modulated signal transmitted through a downlink 21 is intercepted by a small antenna 22 having a 
radius r t and fed to a first data stream reproducing unit 232 of the first receiver 23 where its first data stream 
only is demodulated. The demodulated first data stream is then converted by a first video decoder 421 to a 
traditional 425 or wide-picture NTSC or video output signal 426 of low image resolution. 

Also, the modulated signal transmitted through a downlink 31 is intercepted by a medium antenna 32 having 
a radius r 2 and fed to a first 232 and a second data stream reproducing unit 233 of a second receiver 33 where 
its first and second data streams are demodulated respectively. The demodulated first and second data streams 
are then summed and converted by a second video decoder 422 to an HDTV or video output signal 427 of high 
image resolution and/or to the video output signals 425 and 426. 

Also, the modulated signal transmitted through a downlink 41 is intercepted by a large antenna 42 having 
a radius r3 and fed to a first 232, a second 233, and a third data stream reproducing unit 234 of a third receiver 
43 where its first, second, and third data streams are demodulated respectively. The demodulated firsti second, 
and third data streams are then summed and converted by a third video decoder 423 to a super HDTV or video 
output signal 428 of super high resolution for use in a video theater or cinema. The video output sianals 425, 
426, and 427 can also be reproduced if desired. A common digital TV signal is transmitted from a conventionai 
digital transmitter 51 and when intercepted by the first receiver 23, will be converted to the video output signal 
426 such as a low resolution NTSC TV signal. • 

The first video encoder 401 will now be explained in more detail referring to the block diagram of Fig.30. 
An input video signal of super high resolution is fed through the input unit 403 to the divider circuit 404 where 
it is divided into four components by sub-band coding process. In more particular, the input video signal is sepa- 
rated through passing a horizontal lowpass filter 45 1 and a horizontal highpass fater 452 of e.g. QMF mode to 
two, low and high, horizontal frequency components which are then subsampled to a half of their quantities by 
two subsamplers 453 and 454 respectively. The low horizontal component is filtered by a vertical lowpass filter 
455 and a vertical highpass filter 456 to a low horizontal low vertical component or H L V L signal and a low hori- 
zontal high vertical component or H L V H signal respectively. The two, H t V L and H L V„, signals are then subsam- 
pled to a half by two subsampler 457 and 458 respectively and transferred to the compressing circuit 405. 

The high horizontal component is filtered by a vertical lowpass filter 459 and a vertical highpass filter 460 
to a high horizontal low vertical component or H H V L signal and a high horizontal high vertical component or 
H H V H signal respectively. The two, H H V L and H H V H . signals are then subsampled to a half by two subsampler 
461 and 462 respectively and transferred to the compressing circuit 405. 

HiV L signal is preferably DCT compressed by a first compressor 471 of the compressing circuit 405 and 
transmitted from a first output 405 as the first data stream. 

Also, H L V H signal is compressed by a second compressor 473 and fed to a second output 464. H H V L signal 
Is compressed by a third compressor 463 and fed to the second output 464. H H V H signal Is divided by a divider 
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465 into two. high resolution (H„V„1) and super high resolution ftW). video signals which are then trans- 
ferred to the second output 464 and a third output 468 respectively. 

The first video decoder 421 will now be explained in more detail referring to F,g 31 The first data .stream 
orDlslgnTomefirstr^ 

421 where it is descrambled. The descrambled D, signal is expanded by an expander 503 to H L V L which « 
i en fed to an aspect ratio changing circuit 504. Thus. H L V L signal can be delivered through an output un.t 505 

format may be of non-interlace or interlace type and its NTSC mode l.nes may be 525 or doubted to 1050j by 
doTble fracino When the received signal from the digital transmitter 51 is a d.g.tal TV signal of 4 PSK mode 
ft «n aE be oo^vSed b^the first receiver 23 and the first video decoder 421 to a TV picture. The second 
violo dtoder 3 wfl. be explained in more detail referring to the block diagram of Fig.32. The D, signal of 
seco^2receiver33 is fed through a first input 521 to a first expander 522 fordata expansion and then, trans- 
re „-eTTan^^ 

S 524 to a V? *so the D 2 signal of the second receiver 33 is fed through a second input 530 to a dmder 
STwh^itTdivrd SoSaVcomponenta which are then transferred to a « « £" • 

fourth exnander 534 respectively for data expansion. The three expanded components are sampled at 2x by 
T™™^pi™ £Z36.5Van<i filtered by a vertical highpass 538. a vertical lowpass 539, and a vertical 
M^hn^^^O resScOvelv Then H L V, from the vertical lowpass filter 524 and H L V„ from the vert.cal h.gh- 

?Uer 542 toa low frequency horizon*, video signs.. H„V t from the vertical .owpass filter 539j an H„V„r from 
toe vertical highpass filter 540 are summed by an adder 526. sampled by an oversampler 544 and filtered by 
h^rizoSaTwqhPa2filter545 

video output can be reconstructed with equal success. lhminh a 

Fta33 is a block diagram of the third video decoder 423 in which the D, and D 2 signals are fed through a 
first 521 an5 a se^noTnpTs^espective.y to a high frequency band video decoder circuit 527 where toey 
aro converted to a~ HD signal by the same manner as above described. The D, sign* is fed through a third 
fnpuTSl £1 iper high frequency band video decoder circuit 552 where it is ^^^^ ™\ 
^ ." u w 2 a JL, -The HD signal of the high frequency band video decoder circuit 527 and the H H V„2 
S^^l££^S video deLercircuit 552 are summed by a summer 553 to a super 

nfgnte^ 

OUtP The 5 ac fi on of multiplexing in the multiplexer 412 shown in Fig 2S .will be explained in more ^i.^34 

Blustrates a data assignment in which the three, first, second, and I third, dato ^™ °«-°»* 

period of T six NTSC channel data L1,L2.L3,L4,IJ>,L6. six HDTV channel, ^1 u » 

~ ur,TM u ««i ,iof* m w> hi H4 H5 H6 respective y. n action, the NTSC or signal oaia u.i ^ 

LTn^o ^ £22E^^ T. More particulady. H L V L of D, is assigned to a domain 
6? ^rneT^annel^en; a difference data M1 between HDTV and NTSC or 

H H V„1 is assigned to a domain 602 for the first channel. Also, a difference data H1 between HDTV and super 
un-rv/ «• h 1 See Fia 30) is assigned to a domain 603 for the first channel. 

^ h r a e£ctS 5 toe fira^nS TV signal will now be described. When intercepted by the first receiver 

23Jtoas^ 

o?w?desaeen \SStVSS2 as shown in Fig.31. When intercepted by the second <«f~ " ^ * 

D, assigned to the domain 601 and M1 of the second data stream D 2 assigned to the domain 602 to an HDTV 

^an^HDTV signal is Spitted as L1 and Ml. M1 whichls thus a difference data between NTSC and HDTV 
channel HDTV sigruj I is ™ s ™™ 'J compressed NTSC component of 6 Mbps. M1 « as 

assigned to ^o domains 602 a^nd 611 of D 2 ^ ^ demodulated „ 18 Mbps witn me secono 
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pressed signals can be reproduced at about 15 Mbps. This allows the data assignment shown in Fig.35 to en- 
able simultaneous reproduction of an NTSC and an HDTV first channel signal. However, this assignment allows 
no second channel HDTV signal to be carried. S21 is a descrambling data in the HDTV signal. A first channel 
super HDTV signal component comprises L1 , M1, and H1. The difference data H1 is assigned to three domains 

5 603„ 612, and 613 of D 3 . If the NTSC signal is 6 Mbps. the super HDTV is carried at as high as 36 Mbps. When 
a compression rate is increased, super HDTV video data of about 2000 scanning line for reproduction of a cine- 
ma size picture for commercial use can be transmitted with an equal manner. 

Fig.36 shows afurtherdata assignment in which H1 of a super HDTV signal is assigned to six time domains. 
If a NTSC compressed signal is 6 Mbps. this assignment can carry as nine times higher as 54 Mbps of D 3 data. 

w Accordingly, super HDTV data of higher picture quality can be transmitted. 

The foregoing data assignment makes the use of one of two, horizontal and vertical, polarization planes 
of a transmission wave. When both the horizontal and vertical polarization planes are used, the frequency utili- 
zation will be doubled. This will be explained below. 

Fig.49 shows a data assignment in which Dvi and D H1 are a vertical and a horizontal polarization signal of 

is the first data stream respectively, Dv2 and Dm are a vertical and a horizontal polarization signal of the second 
data stream respectively, and Dy3 and Q m are a vertical and a horizontal polarization signal of the third data 
stream respectively. The vertical polarization signal D^ of the first data stream carries a low frequency band 
or NTSC TV data and the horizontal polarization signal D m carries a high frequency band or HDTV data. When 
the first receiver 23 is equipped with a vertical polarization antenna, it can reproduce only the NTSC signal. 

20 When the first receiver 23 is equipped with an antenna for both horizontally and vertically polarized waves, it 
can reproduce the HDTV signal through summing L1 and M1. More specifically, the first receiver 23 can provide 
compatibility between NTSC and HDTV with the use of a particular type antenna. 

Fig .50 illustrates a TDMA method in which each data burst 721 is accompanied at front a sync data 731 
and a card data 471. Also, a frame sync data 720 is provided at the front of a frame. Like channels are assigned 

25 to like time slots. For example, a first time slot 750 carries NTSC, HDTV, and super HDTV data of the first chan- 
nel simultaneously. The six time slots 750 l 750a,750b ( 750c,750d l 750e are arranged Independent from each 
other. Hence, each station can offer NTSC, HDTV, and/or super HDTV services independently of the other sta- 
tions through selecting a particular channel of the time slots. Also, the first receiver 23 can reproduce an NTSC 
signal when equipped with a horizontal polarization antenna and both NTSC and HDTV signals when equipped 

30 with a compatible polarization antenna. In this respect, the second receiver 33 can reproduce a super HDTV 
at lower resolution while the third receiver 43 can reproduce a full super HDTV signal. According to the third 
embodiment, a compatible signal transmission system will be constructed. It is understood that the data as- 
signment is not limited to the burst mode TDMA method shown in Fig.50 and another method such as time 
division multiplexing of continuous signals as shown in Fig.49 will be employed with equal success. Also, a 

35 data assignment shown in Fig. 51 will permit a HDTV signal to be reproduced at high resolution. 

. As set forth above, the compatible digital TV signal transmission system of the third embodiment can offer 
three, super HDTV, HDTV, and conventional NTSC, TV broadcast services simultaneously. In addition, a video 
signal intercepted by a commercial station or cinema can be etectronized. - . 

The modified QAM of the embodiments is now termed as SRQAM and its error rate will be examined. 

40 First, the error rate in 16 SRQAM will be calculated. Fig.99 shows a vector diagram of 16 SRQAM signal 

points. As apparent from the first quadrant, the 1 6 signal points of standard 1 6 QAM including 83a,83b,84a,83a 
are allocated at equal intervals of 25. 

The signal point 83a is spaced 5 from both the l-axis and the Q-axis of the coordinate. It is now assumed 
that n is a shift value of the 16 SRQAM. In 16 SRQAM, the signal point 83a of 16 QAM is shifted to a signal 

45 point 83 where the distance from each axis is n5. The shift value n is thus expressed as: 

0<n<3. 

The other signal points 84a and 86a are also shifted to two points 84 and 86 respectively. 
If the error rate of the first data stream is Pe 1t it is obtained from: 



66 




Also, the error rate Pe 2 of the second data stream Is obtained from: 
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3-n. j 

Pe2-J6= -j- crfc (^^- ) 
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The etror rate of 36 of 32 SRQAM win b. ostodMod. Ffc.100 to o M. dkgnm of . 36 SRQAM sign.! 
The ■OM PM ' £mc^ taM srqaM the signal point 83a is shifted to a signal point 83 where the 

nine signal points of the group 90 from each other, are obtained respectrvely from. 
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given error rate when its C/N rate is i****]™ whicn ^ be repr oduced at the en-or rale 

the curves 901b and 902b represent D, and D 2 «?JM0«J * ."fj SRQAM signal atthe error rate of 

so that the multi-level signal, namely first and second ™T™JJ^ sianal ^ m preS ent invention, 
brief. n>0.85 is essentia, for multi-level data ^mission of the 32 SRQAM si|r*H* Mfte P 
. Fig.102 shows the re.aOon I^C«*«-N -o £ . f^^g*^ « SRQAM 

SRQAM signals at n=1.2. 1.5. and 1.8 respectively. SRQAM sional is shown in Fig.104. which 
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interruption. The point 910 represents a signal reception limit of a conventional 32 QAM signal at C/N=15 dB 
where the distance L is 60 miles and a digital HDTV signal can be intercepted at minimum. If a change in the 
relevant condition, e.g. weather, attenuates the C/N rate, the interception of an HDTV signal wfli hardly be en- 
sured. Also, geographical conditions largely affect the propagation of signals and a decrease of about 10 dB 
at least will be unavoidable. Hence, successful signal interception within 60 miles will never be guaranteed and 
above all. a digital signal will be propagated harder than an analog signal. It would be understood that the ser- 
vice area of a conventional digital TV broadcast service is less dependable. 

As described previously, the 32 SRQAM signal of the present invention permits a medium resolution TV 
data of e.g. NTSC system to be carried on the first data stream D, and a high frequency component of HDTV 
data to be carried on the second data stream D 2 . Accordingly, the service area of the first data stream of the 
SRQAM signal is increased to a 70 mile point 910a while of the second data stream remains within a 55 mile 
point 910b. as shown in Fig.105. Fig.106 illustrates the service area of the 32 SRQAM signal of the present 
invention, which is similar to Fig.53 but explains in more detail. As shown, the regions 708,703a.703b,712 rep- 
resent a conventional 32 QAM receivable area, a first data level D, receivable area, a second data' level D 2 
receivable area, and a service area of a neighbor analog TV station respectively. 

For common 32 QAM signal, the 60-mfle-radius service area can be established theoretically. The signal 
level wai however be attenuated by geographical or weather conditions and particularly, considerably declined 
at near the limit of the service area. 

The service area of the 32 SRQAM signal of the present invention is increased by 10 miles in radius for 
reception of the first level D, or medium frequency TV data of NTSC system although decreased by 5 miles 
for reception of the second level D 2 or high frequency TV data of HDTV system, as shown in Fig.106. 

More particularly, the medium resolution component of a digital TV broadcast signal of the SRQAM mode 
of the present invention can successfully be intercepted in an unfavorable service region or shadow area where 
a conventional medium frequency band TV signal is hardly propagated and attenuated due to obstacles. Within 
at least the predetermined service area, the NTSC TV signal of the SRQAM mode can be intercepted by any 
traditional TV receiver. As the shadow or signal attenuating area developed by building structures and other 
obstacles or by interference of a neighbor analog TV signal or produced in a low land is decreased to a minimum, 
TV viewers or subscribers will be increased in number. 

Also, the HDTV service can be appreciated by only a few viewers who afford to have a set of high cost 
HDTV receiver and display, according to the conventional system. The system of the present invention allows 
a traditional NTSC, PAL, or SEC AM receiver to intercept a medium resolution component of the digital HDTV 
signal with the use of an additional digital tuner. A majority of TV viewers can hence enjoy the service at less 
cost and will be increased in number. This will encourage the TV broadcast business and create an extra social 
benefit. 

Furthermore, the signal receivable area for medium resolution or NTSC TV service according to the present 
invention is increased about 36% at n=2.5, as compared with the conventional system. As the service area 
thus the number of TV viewers Is increased, the TV broadcast business enjoys an increasing profit. This reduces 
a risk in the development of a new digital TV business which will thus be encouraged to put into practice. 

Fig/1 07 shows the service area of a 32 SRQAM signal of the present invention in which the same effect 
will be ensured at n=1.8. Two service areas 703a,703b of D, and D 2 signals respectively can be determined 
in extension for optimum signal propagation by varying the shift n considering a profile of HDTV and NTSC 
receiver distribution or geographical features. Accordingly. TV viewers will satisfy the service and a supplier 
station will enjoy a maximum of viewers. 

This advantage is given when: 

n>1.0 

Hence, if the 32 SRQAM signal is selected, the shift n is determined by: 

1<n<5 

Also, if the 16 SRQAM signal is employed; n is determined by: . 

1<n<3 

In the SRQAM mode signal terrestrial broadcast service in which the first and second data levels are 
created by shifting corresponding signal points as shown in Figs.99 and 100, the advantage of the present in- 
vention will be given when the shift n in a 16. 32, or 64 SRQAM signal is more than 1.0. 

Embodiment 4 

A fourth embodiment of the present invention will be described referring to the relevant drawings. 
Fig.37 Illustrates the entire arrangement of a signal transmission system of the fourth embodiment, which 
la arranged for terrestrial service and similar in both construction and action to that of the third embodiment 
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shown in Fig.29. The difference is that the transmitter antenna 6 is replaced with a terrestr , al an £nnataand 
SeTcSver antennas 22,32,42 are replaced with also three terrestrial antennas 22a.32a.42a. The , achon o 
Z is^dS to U.a of One thW embodiment and will no more be explained. The terrestoaT broadcast 

s^SZ^e a Satellite service depends much on the distance between the transfer antenna 6a to die e- 
service un.u« » ' h located far from the transmitter, the level of a received signal is 

^^signa^^ 

na22a whic?Se?ata far distance as shown in Fig.37. to intercept a modified 16 or 64 QAM s^a and 
Semodufate at 4 PSK mode the first data stream or D, component of the receded signal to-an NTSC vnleo 
ZSHHSSl . , W program picture of medium resolution can be displayed even if the (eve. of the meowed 

^Xle^nTreceiver 33 with the antenna 32a is located at a medium distance from the antenna 6a 
andlTthua Xept and demodulate both the first and second data streams or D, andD 2 component of 
*e mX^16 or 64 QAM signal to an HDTV video signal which in turn produces an HDTV '^^1 
TneS receiver 43 with the antenna 42a is located at a near distance and can * 
the firs? second, and third data streams or D„ D 2 . and D, components of the modified 16 or 64 QAM signal I to 
a suplrHDTV video signa. which in turn produces a super HDTV picture equal ,n quality to a common move 

P5Cl The assignment of frequencies is determined by the same manner as of the time division 
. '„T„c^« is and 36 Like Fiq 34 when the frequencies are assigned to first to sixth channels. L1 of 

meTcompS^ 

A , W i nn1u MTcp HDTV and suDer HDTV data ail can be earned on the same channel. If U 2 ana u 3 or me 

™ rS/s"2T^ end gs.^.oalo.fHDWandsop.rHDWroepec^oan 

cl»nn.!«»s!n^ Z "*™ of lb. o.b.r obannel.. M.o. lb. n»dlu„, eesolobon TV dab, of oocb 

16 QAM signal limits a service area. The terrestrial service system of the P^«™£™ 
£ .a l«S?iSLd at a relatively far distance to intercept successfully a medium resolution TV signal 

JSZ^SSmZ ^ service area 702 of the conventional HDTV station 701 bUn^ ta 
712 of a neiqhbor analog TV station 711. At the intersecting region 713. an HDTV signal is at 
ZZ*«£lw^CZl m the analog TV station 711 and will thus be intercepted with less cons.s- 

^ia 53 shows an interference region associated with the multi-level signal transmission system of the pre- 
In the service area of the dig taT TV stab ™ ™^ cfln hafd , be - lntercepte< i in the 

.bjd wlrt^nc. is absent v»b«e lb. NTSC signal can oonstandy b. intereaptad at a level. 
^^ZTZT^mL n>cl»able a™, of lbs eysMm ** bo Ine^od alttoogb lb. wo™, area 
Accordingly, tbo overall conventional ayslem. Also. »l Ibe signal altenoabna 
of HDTV ^'T™'^ analog TV^Iion. NTSC tart elgnala of an HDTV program 
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in the same area. The system of the present invention much reduces the size of signal attenuating areas and 
when increases the energy of sign aJ transmission at a transmitter or transponder station, can extend the HDTV 
signal service area to an equal size to the conventional system. Also. NTSC level signals of a TV program can 
be intercepted more or less in a far distant area wh ere no service is given by the conventional system or a signal 

6 interference area caused by an adjacent analog TV station. 

Although the embodiment employs a two-level signal transmission method, a three-level method such as 
shown in Fig.78 will be used with equal success. If an HDTV signal is divided into three picture levels-HDTV, 
NTSC, and low resolution NTSC, the service area shown in Fig.53 will be increased from two levels to three 
levels where the signal propagation is extended radially and outwardly. Also, low resolution NTSC signals can 

10 be received at an acceptable level at the first signal interference region 705 where NTSC signals are hardly 
be intercepted in the two-level system. As understood, the signal interference Is also involved from a digital TV 
station to an analog TV station. 

The description will now be continued, provided that no digital TV station should cause a signal interference 
to any neighbor analog TV station. According to a novel system under consideration in USA., no-use channels 

15 of the existing service channels are utilized for HDTV and thus, digital signals must not interfere with analog 
signals. For the purpose, the transmitting level of a digital signal has to be decreased lower than that shown 
In Fig.53, ff the digital signal is of conventional 16 QAM or 4 PSK mode, its HDTV service area 708 becomes 
decreased as the signal interference region 71 3 denoted by the cross hatching is fairly large as shown in Fig .54. 
This results in a less number of viewers and sponsors, whereby such a digital system wfll have much difficulty 

20 to operate for profitable business. 

Fig.55 shows a similar result according to the system of the present invention. As apparent the HDTV signal 
receivable area 703 is a bit smaller than the equai area 708 of the convectional system. However, the lower 
resolution or NTSC TV signal receivable area 704 will be increased as compared with the conventional system. 
The hatching area represents a region where the NTSC level signal of a program can be received while the 

25 HDTV signal of the same is hardly intercepted. At the first interference region 705, both HDTV and NTSC signals 
cannot be intercepted due to signal interference from an analog station 71 1 . 

When the level of signals is equal, the multi-level transmission system of the present invention provides a 
smaller HDTV service area and a greater NTSC service area for interception of an HDTV program at an NTSC 
signal level, signal. Accordingly, the overall service area of each station is increased and more viewers can 

30 enjoy its TV broadcasting service. Furthermore, HDTV/NTSC compatible TV business can be operated with 
economical advantages and consistency. It is also intended that the level of a transmitting signal is increased 
when the control on averting signal interference to neighbor analog TV stations is lessened corresponding to 
a sharp increase in the number of home-use digital receivers. Hence, the service area of HDTV signals will be 
increased and in this respect, the two different regions for interception of HDTV/NTSC and NTSC digital TV 

35 signal levels respectively, shown in Fig.55, can be adjusted in proportion by varying the signal point distance 
In the first and/or second data streams. As the first data stream carries information about the signal point dis- 
tance, a multi-level signal can be received with more certainty. 

Fig.56 illustrates signal interference between two digital TV stations in which a neighbor TV station 701a 
also provides a digital TV broadcast service, as compared with an analog station in Fig.52. Since the level of 

40 a transmitting signal becomes high, the HDTV service or high resolution TV signal receivable area 703 becomes 
is increased to an extension equal to the service area 702 of an analog TV system. 

At the intersecting region 714 between two service areas of their respective stations, the received signal 
can be reproduced not to an HDTV level picture with the use of a common directional antenna due to signal 
interference but to an NTSC level picture with a particular directional antenna directed towards a desired TV 

45 station. If a highly directional antenna is used, the received signal from a target station will be reproduced to 
an HDTV picture. The low resolution signal receivable area 704 is increased larger than the analog TV system 
service area 702 and a couple of intersecting regions 715,716 developed by the two low resolution signal re- 
ceivable areas 704 and 704a of their respective digital TV stations 701 and 701a permit the received signal 
from antenna directed one of the two stations to be reproduced to an NTSC level picture. 

so The HDTV service area of the multi-level signal transmission system of the present invention itself will be 

much increased when applicable signal restriction rules are withdrawn in a coming digital TV broadcast service 
maturity time. At the time, the system of the present invention also provides as a wide HDTV signal receivable 
area as of the conventional system and particularly, allows its transmitting signal to be reproduced at an NTSC 
level in a further distant or intersecting areas where TV signals of the conventional system are hardly intercep- 

55 ted. Accordingly, signal attenuating or shadow regions in the service area wBI be minimized. 
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Embodiment 5 

A fifth embodiment of the present invention resides in amplitude modulation or ASK procedure Fig.57 B- 
.ustrttTthe Sment of signal points of a 4-«eve. ASK signal according to the fifth embod.men, or which 
, , . . Hflnntflrf hv 721 722. 723 and 724. The four-level transmission permits a 2-bit data to 

L°e^^^^ 

as a firstsignal point group 725 and the other two 723.724 are designated as a second signal P°"' 

The Stonce between Una two signal point groups 725 and 726 is then determined wider ^ 

any two adjacont signal points. More speciftcally. the distance Lo beNveen^ ^^JST^^J 

ranged wider than the distance L between the two adjacent po.nts 721 and 722 or 723 and 724. Thw .s exp- 

ressed as: 

Lo>L 

Hence, the multi-love! signal transmission system of the embodiment is based on Lo>L. The •^«™'« 
howeternot limited to Lo>L and L=Lo will be employed temporarily or permanent depending on the requ.re- 

'^^T^w'taw^^na^'p^ittgroups areasalgned one-bit patterns of the first data stream ® 3 3 j° W rt me f'njf 
More oartfculariy a bit 0 of binary system is assigned to the first signal point group 725 and another bit 1 to 
me aecSS aSS Point group 726. Then, a one-bit pattern of the second data stream D 2 is assigned to each 
^S^iSStlSi the two signal points 721.723 are assigned D 2 =0 and the other two signal po.nts 722 
and 724 are assigned D,=1. Those are thus expressed by two bits per symbol. 

The multtove signal transmission of the present invention can bo implemented in an ASK mode with the 
useL mTtoreX Sna. point assignment The system of the present Invention works in the same manne 
as ofa ^nvenC equal signal point distance technique when the signal to noise rata or C/N rate ,s high. If 
and no'data can be reproduced by the conventional technique, the present i system 
ensures reproduction of the first data stream D, but not the second data stream D 2 . In more detaS. the state at 
c'n is showi r4 60 The signal points transmitted are displaced by a Gaussian distribubon to ranges 
7 & T^a 723a724a respectively at the receiver side due to noise and transmission distortion Therefore. *e 
d atS herein the two signals 721 and 722 or 723 and 724 wO. hardly be exeaated 
enxir rate in the second data stream D 2 wffl be increased. As apparentfrom Fig.60. the two signal pointe 721.722 
are easTy dlS I from the other two signal points 723.724. The distinction between the two signal point 
groups X I™ ! 726 can Is be carried out with ease. As the result, the first data stream D, will be reproduced 



31 8 A^Hi^lvTe two different level data D, and D 2 can be transmitted simultaneously. More particularly, 
both Si secTd daL ^ D' and D 2 of a given signal transmitted through the multi-level trans- 
mtsiSlm can ot reproduced at the area where the C/N rate is high and the first data stream D, only can 
be reproduced in the area where the C/N rate ia low. Ij.l.j-.-.w.ui 
Fb.61isablock diagram of a transmitter 741 in which an input «" it742Mm P rs « safire ^.f rt ^!£ 
... 3" 1 1 J^Z data Lean, inDUt 744 A canier wave from a carrier generator 64 is amplitude modulated 

° Ut The"vIalltonnoftheASKaignal after filtering will nowbe examined. Rg.62-a shows a frequency specttum 
of t h?AS^moduteted sLal in which two sidebands are provided on both sides of the earner frequency band. 
OneofmeZslS^ 

n=r^^ 

32a fa trens^ed^ough 9 ^ 752 to a mixer 753 where it ia mixed with a signal from a vanab.e , osc£ 
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SET.!? ^ ,?" 3 ' tRJnsmitter 774 which a high resolution TV signal, e.g. an HDTV signal, is fed 

S^SEiV S components denoted by e.g. H l V l .H l V h .H„ Vl . and H H V„ . This action is identical to that 
of the third embodiment previously described referring to Fig.30 and wfll no more be explained in detail The 
EL?^ 7V , S,9nals are encoded ^Pectively by a compressor 405 using a known DPCMDCT variable 
length code encoding technique which Is commonly used e.g. In MPEG. Meanwhile, the motion compensation 
of the signal is earned out at the input unit 403. The compressed signals are summed by a summer 771 to two 

mSSE*, ?T 71,6 ' OW fre<,UenCy VWe0 Signal """P"** °' H L V L signal Is contained 
in toe first data sfream D,. The two data stream signals D 1t 0 2 are then transferred to a first 743 and a second 
data stream input 744 of a transmitter unit 741 where they are amplitude modulated and summed to an ASK 
signal of e.g. VSB mode which is propagated from a terrestrial antenna for broadcast service 

Fig.6S fa a block diagram of a TV receiver for such a digital TV broadcast system. A digital TV signal in- 
tercepted by a teirestrial antenna 32a is fed to an input 752 of a receiver unit 751 in the TV receiver 781 The 
slgnd is then transfeired to a detection/demodulation circuit 760 where a desired channel signal is selected 
and demodulated to two. first and second, data streams D,.D 2 which are then fed to a first 758 and a second 
data stream output 75g respectively. The action in the receiver unit 751 is similar to that described previously 
and wfll no more be explained in detail. The two data streams D,.D 2 are sent to a divider unit 776 in which D, 
is divided by a divider 777 into two components; one or compressed H L V L is transferred to a first input 521 of 
a second video decoder 422 and the other is fed to a summer 778 where it is summed with D 2 prior to transfer 
to a second input 531 of the second video decoder 422. Compressed H U V L is then sentfrom the first input S21 
to a first expander 523 where it is expanded to H L V U of the original length which is then transferred to a video 
mixer 548 and a aspect ratio changing circuit 779. When the input TVaignal is an HDTVsignal. H,V, represents 

The input TV signal of the embodiment is an HDTV signal and H L V L becomes a wide-screen NTSC signal 
If the aspect ratio of an available display is 16:9. H L V L is directly delivered through an output unit as a 16:9 

rS^SS 1 , ^ " r, h3S a " aSP ° Cl ra °° ° f 4:3 ' HlVl te shifted «* the aspect ratio changing circuit 
779 to a letterbox or sldepanel format and then, delivered from the output unit 780 as a coiresponding foiroat 
via go output 425* 

The second data stream D 2 fed from the second data stream output 759 to the summer 778 is summed 
with the output of the divider 777 to a sum signal which is then fed to the second input 531 of the second video 
decoder 422. The sum signal is further transferred to a divider circuit 531 where it is divided Into three com- 
pressed forms of H t V H . H H V L . and H„V„. The three compressed signals are then fed to a second 535. a third 
u! * expander 537 respectively for converting byexpansion toH L V„. H„V t , and H„V„ ofthe original 
length. The three signals are summed with H L V L by the video mixer 548 to a composite HDTV signal which is 
fed through an outout 546 of the second video decoder to the output unit 780. Finally, the HDTV signal fa de- 
livered from the output unit 780 as an HDTV video signal 427. 

Theoutputunit780 fa arranged for detect an enror rate in the second data stream of the second data stream 
output 759 through an error rate detector 782 and if the errorrate Is high, delivering H L V L of low resolution video 
40 data systematically. 

Accordingly, the multi-level signal transmission system for digital TV signal transmission and reception be- 
comes feasible. For example. If a TVaignal transmitter station is near, both the first and second data streams 
of a received signal can successfully be reproduced to exhibit an HDTV quality picture. If the transmitter station 
rar ' me " rat data efream can be reproduced to H t V L which is converted to a low resolution TV picture Hence 

f^r. pr ° 9ram wi " be 'ntercepted in a wider area and displayed at a picture quality ranging from HDTV to 
NTSC level. 

FiQ.ee is a block diagram showing another arrangement of the TV receiver. As shown, the receiver unit 
751 contains only a first data stream output 768 and thus, the processing of the second data stream or HDTV 
data is not needed so that the overall construction can be minimized, it is a good idea to have the first video 
decoder 421 shown in Fig.31 as a video decoder of the receiver. Accordingly, an NTSC level picture wfll be 
reproduced. The receiver is fabricated at much less cost as having no capability to receive any HDTV level 
signal and will widely be accepted in the market. In brief, the receiver can be used as an adapter tuner for in- 
terception of a digital TV signal with giving no modification to the existing TV system including a display 

The TV receiver 781 may have a further arrangement shown in Fig-67, which serves as both a satellite 
broadcast receiver for demodulation of PSK signals and a terrestrial broadcast receiver for demodulation of 
ASK signals. In action, a PSK signal received by a satellite antenna 32 is mixed by a mixer 786 with a signal 
from an oscillator 787 to a low frequency signal which is then fed through an input unit 34 to a mixer 753 similar 
to one shown in Rg.63. The low frequency signal of PSK or QAM mode in a given channel of the satellite TV 
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system Is transferred to a modulator 35 where two data streams D t and D 2 are reproduced from the signal. D, 
and D 2 are sent through a divider 788 to a second video decoder 422 where they are converted to a video signal 
which is then delivered from an output unit 780. Also, a digital or analog terrestrial TV signal intercepted by a 
terrestrial antenna 32a is fed through an input unit 752 to the mixer 753 where one desired channel is selected 
by the same manner as described in Fig.63 and detected to a low frequency baseband signal. The signal of 
analog form Is sent directly to the demodulator 35 for demodulation. The signal of digital form is then fed to a 
discrimination/ reproducing circuit 757 where two data streams D, and D 2 are reproduced from the signal. D, 
and D 2 are converted by the second video decoder 422 to a video signal which is then delivered further. A satel- 
lite analog TV signal is transferred to a video demodulator 788 where it is AM demodulated to an analog video 
signal which is then delivered from the output unit 780. As understood, the mixer 753 of the TV receiver 781 
shown in Fig.67 is arranged compatible between two, satellite and terrestrial, broadcast services. Also, a re- 
ceiver circuit including a detector 755 and an LPF 756 for AM demodulation of an analog signal can be utilized 
compatible with a digital ASK signal of the terrestrial TV service. The major part of the arrangement shown in 
Hg.67 is arranged for compatible use, thus minimizing a circuitry construction. 

According to the embodiment, a 4-level ASK signal is divided into two, D, and D 2 , level components for 
execution of the one-bit mode multi-level signal transmission. If an 8-level ASK signal is used as shown in 
Rg.68, it can be transmitted in a one-bit mode three-level, D„ D 2 , and D 3 . arrangement As shown in Fig.68, 
D t is assigned to eight signal points 721a f 721b,722a,722b.723a,723b.724a,724b, each pair representing a 
two-bit pattern, D 2 is assigned to four small signal point groups 721,722,723,724, each two groups representing 
a two-bit pattern, and D 3 is assigned to two large signal point groups 725 and 726 representing a two-bit pattern. 
More particulariy, this is equivalent to a form in which each of the four signal points 721,722,723,724 shown 
in Fig.57 is divided into two components thus producing three different level data. 

The three-level signal transmission is identical to that described in the third embodiment and wfll no further 
be explained in detail. 

In particular, the arrangement of the video encoder401 of the third embodiment shown in Fig.30 is replaced 
with a modification of which block diagram is Fig.69. The operation of the modified arrangement is similar and 
will no longer be explained in detail. Two video signal divider circuits 404 and 404a which may be sub-band 
filters are provided forming a divider unit 794. The divider unit 794 may also be arranged more simple as shown 
In the block diagram of Fig.70, in which a signal passes across one single divider circuit two times at time division 
30 mode. Mode specifically, a video signal of e.g. HDTV or super HDTV from the input unit 403 is time-base com- 
pressed by a time-base compressor 795 and fed to the divider circuit 404 where it is divided into four compo- 
nents, H h Vm-H, H„V l -H, and H L V„-H, and H L V L -H at a first cycle. At the time, four switches 765.765a,765b.765c 
remain turned to the position 1 so that H„V„-H, H„V L -H, and H U V„-H are transmitted to a compressing circuit 
405. Meanwhile, H U V L -H is fed back through the terminal 1 of the switch 765c to the time-base compressor 795. 
At a second cycle, the four switches 765.765a.765b.765c are turned to the position 2 and all the four compo- 
nents of the divider circuit 404 are simultaneously transferred to the compressing circuit 405. Accordingly, the 
divider unit 794 of Fig.70 arranged for time division processing of an input signal can be constructed in a simpler 
dividing circuit form. *. 

At the receiver side, such a video decoder as described in the third embodiment and shown in Fig.30 is 
needed for three-level transmission of a video signal. More particulary. a third video decoder 423 is provided 
which contains two mixers 556 and 556a of different processing capability as shown in the block diagram of 

Also the third video decoder 423 may be modified in which the same action is executed with one single 
mixer 556 as shown in Fig.72. At the first timing, five switches 765,765a,765b,765c.765d remain turned to the 
position 1. Hence, H L V L , H U V„. H„V L , and H„V„ are fed from a first 522. a second 522a, a third 522b and a 
fourth expander 522c to through their respective switches to the mixer 556 where they are mixed to a single 
video signal. The video signal which represents H L V L -H of an input high resolution video signal is then fed back 
through the terminal 1 of the switch 765d to the terminal 2 of the switch 765c. At the second timing, the four 
switches 765,765a.765b,765c are turned to the position 2. Thus, H M V„-H. H H V L -H. H l Vh-H. and H L V t -H are 
so transferred to the mixer 556 where they are mixed to a single video signal which is then sent across the terminal 
2 of the switch 765d to the output unit 554 for further delivery. 

In this manner of time division processing of a three-level signal, two mixers can be replaced with one mixer. 
More particularly, four components H L V U ,H L V„,H„V L , H„V„ are fed to produce H L V L -H at the first timing. 
Then, H L V„-H, H H V L -H, and H H V„-H are fed at the second timing delayed from the first timing and mixed with 
55 H L V L -L to a target video signal. It is thus essential to perform the two actions at an interval of time. 

If the four components are overlapped each other or supplied in a variable sequence, they have to be ti- 
me-base adjusted to a given sequence through using memories accompanied with their respective switches 
765,765a > 775b,765c. In the foregoing manner, a signal are transmitted from the transmitter at two different tim- 
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ing periods as shown In Fig.73 so that no time-base controlling circuit is needed in the receiver which is thus 
arranged more compact 1 ,uo 

As shown in Fig.73. D, is the first data stream of a transmitting signal and H L V t .H L V„.H„V.. and H„V„ are 
transmrtted on D, channel at the period of first timing. Then, at the period of second ^mtag^ £5 *v£T 
and H„Vh-H are transmitted on D, channel. As the signal is transmitted in a time division sequence encoder 
in the receiver can be arranged more simple. 

The technique of reducing the number of the expanders in the decoder will now be explained. Fig 74-b 

, « * * 11b * 11c are ,nsartad betw88n th * four data components 811. 811a.811b.811c re- 
spectively, the latter can be transmitted at intervals of time. In action, the second video decoder 422 shown in 
rSi! ™ZZ four w com P° nan,s of "rat data stream D, at a first input 521 and transfers them through 
a switch 812 to an expander 503 one after another. More particularly, the component 810 firat fed is expanded 

component 810a « fed. Hence, the expander 503 can process a row of the components at time intervals by 
ders °" manneras of mixer ' mus «*stituting the simultaneous action of a number of expan- 

Fig.75 is a time-base assignment of data components of an HDTV signal. In which KV.fl) of an NTSC 
component of ttie first channel signal for a TV program is allocated to a data domain 821 of D, signal. Also. 
H L V„ H H V L and H„V„ carrying HDTV additional components of the first channel signal are allocated to three 

H£SL5££ b £L e II 2 ^ respecUve,y - ™ en are prov,ded «~ data 

822 822a 822b.822c between the data components of the first channel signal which can thus be expanded with 
an expander orouitdunng transmission of the otherdata. Hence, all the data componenta of one channel signal 
wfll be processed by a single expander capable of operating at a higher speed 

82l£7l a 8 2 l'f^ Wi,l K be , e ^ U «^ assignment of the data components to other domains 

man 4 re 1 S . . ^ *™ R9 ' 76 - * beCOm ° S m ° re effecUve ,n « ra " smtesl °n and reception of a com- 
mon 4 PSK or ASK signal having no different digital levels. 

rt^^T ! . M irt. baSe a f!i 9nm8nt " data «wp«w* during physical twoJevel transmission of three 
SJsr i ?»n™t NTSC> HDTV> 8nd SUper HD7V <* ,ow raso,unon NTSC "andard roaofution 

KjToo' u „™^ examp ' e - ,or transm,ss,on free data components of low resolution NTSC. standard 
NTSC. and HDTV the lowresolution NTSC or H L V t b allocated to the data domain 821 of D, signal. Alao. H,V„ 
ft w i atandard NTSC component are allocated to three domains 821a.821b.821c respectively 
ively ° f HDTV com P° nent a« allocated to domains 823. 823a. and 823b respect- 

The foregoing assignment ia asaociated with such a logic level arrangement based on discrimination in 
fte error correction capability aa described in the second embodiment More particularly. H,V, is carried on 
Dm channel of the D, aignal. The D,_, channel is higher in the error correction capability than D„ channel 
as described In the second embodiment. The D,_, channel Is higher In the redundancy but lower in the error 
rate than the D« channel and the data 821 can be reconstructed at a lower C/N rate than that of the other 
data 821a.821b.821c. More specifically, a low resolution NTSC component wfll be reproduced at a far location 
from the transmitter antenna or in a signal attenuating or shadow area. e.g. the interior of a vehicle. In view of 

L?< data 821 ° f Dl - 1 Channel ,s ,ess affected ^ s| 9 nal 'nterference than the other data 

821a.821b.821c of D« channel, while being specifically discriminated and staying in a different logic level, as 
descnbed in the second embodiment While D, and D 2 are divided into two physically different levels, the levels 
determined by discrimination of the distance between error correcting codes are arranged different In the logic 

t- ™ a * e ™ du,a « on of °2 °ata requires a higher C/N rate than that for D, data. In action. H.V, or low resol- 
ution NTSC signal can at least be reproduced in a distant or lowest C/N service area. H,V„.H H V,. and H M V« 
can In addition be reproduced at a lower C/N area. Then, at a high C/N area. H l Vh-H. HhV.-H and H„vIh 
components can also be reproduced to develop an HDTV signal. Accordingly, three different level broadcast 
signals can be played back. This method allows the signal receivable area shown In Flg.53 to Increase from a 
double region to a triple region, as shown in Fig.90. thus ensuring higher opportunity for enjoying TV programs 
• c- « J? ! diagram of the third video decoder arranged for the time-base assignment of data shown 
in Fig.77. which is similar to that shown in Fig.72 except that the third input 551 for D s signal is eliminated and 
the arrangement shown In Flg.74-a is added. 

In operation, both the D, and D 2 signals are fed through two input units 521.530 respectively to a switch 
812 at the first timing. As their components Including ny t are time divided, they are transferred In a sequence 
by the switch 812 to an expander 503. This sequence will now be explained referring to the time-base asslgn- 
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ment of Rg.77. A compressed form of H L V L of the first channel is first fed to the expander 503 where it is expan- 
ded. Then, H L V„, H„V Ll and H H V H are expanded. All the four expanded components are sent through a switch 
812a to a mixer 556 where they are mixed to produce H L V L -H. H L V L -H is then fed back from the terminal 1 of 
a switch 765a through the input 2 of a switch 765 to the H L V L input of the mixer 556. 

6 At the second timing. H L V„-H, H M V U -H. and H H V M of the signal shown in Rg.77 are fed to the expander 

503 where they are expanded before transferred through the switch 821a to the mixer 556. They are mixed by 
the mixer 556 to an HDTV signal which is fed through the terminal 2 of the switch 765a to the output unit 521 
for further delivery. The time-base assignment of data components for transmission, shown in Fig.77, contri- 
butes to the simplest arrangement of the expander and mixer. Although Fig.77 shows two. D t and D 2l signal 

io levels, four-level transmission of a TV signal wOl be feasible using the addition of a D 3 signal and -a super re- 
solution HDTV signal. 

Fig.79 illustrates a time-base assignment of data components of a physical three-level, D,, Da, D* TV sig- 
nal, in which data components of the same channel are so arranged as not to overlap with one another with 
time. Fig.80 is a block diagram of a modified video decoder 423, similar to Rg.78, In which a Ihird input 521a 
15 is added. The time-base assignment of data components shown in Fig.79 also contributes to the simple con- 
struction of the decoder. 

The action of the modified decoder 423 is almost identical to that shown in Fig.78 and associated with the 
time-base assignment shown in Rg.77 and wfll no more be explained. It is also possible to multiplex data com- 
ponents on the Di signal as shown in Rg.81. However, two data 821 and 822 are increased higher in the error 

20 correction capability than other data components 821a,812b,812c, thus staying at a higher signal level. More 
particularly, the data assignment for transmission is made in one physical level but two logic level relationship. 
Also, each data component of the second channel is inserted between two adjacent data components of the 
first channel so that serial processing can be executed at the receiver side and the same effects as of the ti- 
me-base assignment shown in Fig.79 will thus be obtained. 

25 The time-base assignment of data components shown in Fig.81 is based on the logic level mode and can 

also be carried In the physical level mode when the bit transmission rate of the two data components 821 and 
822 is decreased to 1/2 or 1/3 thus to lower the error rate. The physical level arrangement is consisted of three 
different levels. 

Fig.82 is a block diagram of another modified video decoder 423 for decoding of the D, signal time-base 
so arranged as shown in Rg.81, which is simpler in construction than that shown in Fig.80. Its action is identical 
to that of the decoder shown in Fig.80 and will be no more explained. 

As understood, the time-base assignment of data components shown in Fig.81 also contributes to the sim- 
ple arrangement of the expander and mixer. Also, four data components of the D t signal are fed at respective 
time slices to a mixer 556. Hence, the circuitry arrangement of the mixer 556 or a plurality of circuit blocks such 
35 as provided in the video mixer 548 of Fig.32 may be arranged for changing the connection therebetween cor- 
responding to each data component so that they become compatible in time division action and thus, minimized 
in circuitry construction. 

Accordingly, the receiver can be minimized in the overall construction. 

It would be understood that the fifth embodiment is not limited to ASK modulation and the other methods 
40 including PSK and QAM modulation, such as described in the first, second, and third embodiments, will be em- 
ployed with equal success. 

Also, FSK modulation will be eligible in any of the embodiments. For example, the signal points of a mul- 
tiple-level FSK signal consisting of four frequency components f 1 , f2,f3,f4 are divided into groups as shown in 
Rg.58 and when the distance between any two groups are spaced from each other for ease of discrimination, 
46 the multi-level transmission of the FSK signal can be implemented, as illustrated in Fig.83. 

More particularly, it is assumed that the frequency group 841 of f1 and f2 is assigned Di=0 and the group 
842 of f3 and f4 is assigned D t =1. If f1 and f3 represent 0 at D 2 and f2 and « represent 1 at D 2 , two-bit data 
transmission, one bit at D, or D 2 , wfll be possible as shown in Fig.83. When the C/N rate is high, a combination 
of D t =0 and Dr=1 is reconstructed at t=t3 and a combination of D^l and Dr=0 at t=t4. When the C/N rate is 
so low, D 1 =0 only is reproduced at t=t3 and D t =1 at t=t4. In this manner, the FSK signal can be transmitted in the 
multi-level arrangement This multi-state FSK signal transmission is applicable to each of the third, fourth, and 
fifth embodiments. 

The fifth embodiment may also be implemented in the form of a magnetic record/playback apparatus of 
which block diagram shown in Rg.84 because its ASK mode action is appropriate to magnetic record and play- 
55 back operation. 

As shown in Fig.84, an input video signal to a magnetic record/playback apparatus 851 is divided and com- 
pressed by a video encoder 401 . Then, a low frequency band component, e.g. HlVl, of the video signal is fed 
to a first data stream input 743 of an input unit 742 and a high frequency band component including H H V H is 

29 



EP 0 506 400 A2 



749^« - components are further transferred «o a mediator 

ftf fho mi, k !T ° un " 71,086 Procedures are almost identical to those of the transmitter 774 

sstjs; ssess ^5 trsr "r * 11,8 modu,ator 749 fe fed ^^ss? 

Embodiment 6 

S ' S ^ b d Med ^ ^ 4 ^ '»» ^ ^ ^ 

HIT 1 ' ^ ? ,OW freQUenCy C ° mp0nont H ^ fe divided by the 

reXttonTnd S^JTSEi h * an * Vl 8e9ment 0Utput is 250 ,,nes ,n vertical 

reso uuon and 1/4 of the original honzontal resolution. This output of the divider 404c which is »«rm«H «,«, T 

3, 9 nal ,9 the " compressed by the compressor 405a to a D M signal. 88 *" 

The other three higher frequency segments of H L V L are mixed by a mixer 772c to an LH skmai whi^h * 
*en compressed by the compressor 405b to a D« signal. The compressor 4Mb may be replaced 
compressors provided between the divider 404c and the mixer 772c rrtay be replaced with three 

HLy„,H„V L . and H„V„ from the divider 404a are mixed by a mixer 772a to an H v h *in M i u , , 
signal Is as high as 1000 .ines in both horizontal and vertkj i£S£5$£ £ ^ VSH^St 

potr and 8 vertfcal reso,unon - HhV - h b fed to *• dM *» «™ 

SlmDarty H L v t from the dlvlder404b has 500 to 750 lines of a horizontal and a vertical resolution and t™,*. 
**ed as an HLsfcna, to the compressor 405c The otherthree components. ^.^Tn^tCfr^S 
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divider 404b have 750 to 1000 lines of a horizontal and a vertical resolution and are mixed by a mixer 772b to 
an HH signal which is then compressed by the compressor 405d and delivered as a Dm signal. After com- 
pression, the HL signal is delivered as a D 2 ^ signal. As the result, LL or D w carries a frequency data of 0 to 
250 lines, LH or D w carries a frequency data from more than 250 lines up to 500 lines, HL or D w carries a 

« frequency data of more than 500 lines up to 750 lines, and HH or D 2 _2 carries a frequency data of more than 
750 lines to 1 000 lines so that the divider circuit 3 can produce a four-level signal. Accordingly, when the divider 
circuit 3 of the transmitter 1 shown In Rg.87 is replaced with the divider circuit of Flg.93, the transmission of a 
four-level signal will be implemented. 

The combination of multi-level data and multi-level transmission allows a video signal to be at steps dec- 

10 lined in the picture quality in proportion to the C/N rate during transmission., thus contributing to the enlargement 
of the TV broadcast service area. At the receiver side, the action of demodulation and reconstruction is Identical 
to that of the second receiver of the second embodiment shown in Fig .88 and will be no more explained. In 
particular, the mbcer 37 is modified for video signal transmission rather than data communications and will now 
be explained in more detail. 

15 As described in the second embodiment, a received signal alter demodulated and error corrected, is fed 

as a set of four components 0^,0^,02-1.02-2 to me ni« er 37 of lne second receiver 33 of Fig.88. 

Flg.97 is a block diagram of a modified mbcer 33 in which Dt-i,Dt„ 2 ,D2-i,D** are expanded by their res- 
pective expanders 523a,523b f 523c,523d to an LL. an LH. an HL, and HH signal respectively which are equiv- 
alent to those described with Fig .93. If the bandwidth of the input signal is 1 . LL has a bandwidth of 1/4, LL+LH 

20 has a bandwidth of 1/2. LL+LH+HL has a bandwidth of 3/4, and LL+LH+HL+HH has a bandwidth of 1 . The LH 
signal is then divided by a divider 531a and mixed by a video mixer 548a with the LL signal. An output of the 
video mixer 548a Is transferred to an H L V L terminal of a video mbcer 548c. The video mixer 531a Is Identical to 
that of the second decoder 527 of Fig.32 and wfll be no more explained. Also, the HH signal is divided by a 
divider 531 b a nd fed to a video mbcer 548b. At the video mbcer 548b, the HH signal is mixed with the HL signal 

26 to an H h Vh-H signal which is then divided by a divider 531c and sent to the video mixer 548c At the video mixer 
548c, H H V H -H Is combined with the sum signal of LH and LL to a video output The video output of the mixer 
33 is then transferred to the output unit 36 of the second receiver shown in Fig.88 where it is converted to a 
TV signal for delivery. If the original signal has 1050 lines of vertical resolution or is an HDTV signal of about 
1000-line resolution, its four different signal level components can be intercepted in their respective signal re- 

30 celving areas shown in Fig.91. . 

The picture quality of the four different components will be described in more detail. The illustration of Fig.92 
represents a combination of Flgs.86 and 91. As apparent, when the C/N rate increases, the overall signal level 
or amount of data is increased from 862d to 862a by steps of four signal levels D Wl D^D^^.*. 

Also, as shown in Fig.95, the four different level components LL, LH, HL, and HH are accumulated in pro- 

35 portion to the C/N rate. More specifically, the quality of a reproduced picture win be increased as the distance 
from a transmitter antenna becomes small. When L=Ld, LL component is reproduced. When L=Lc, LL+LH signal 
Is reproduced. When L=Lb, LL+LH+HL signal Is reproduced. When L=La, LL+LH+HL+HH signal is reproduced. 
As the result, if the bandwidth of the original signal Is 1, the picture quality is enhanced at 1/4 increments of 
bandwidth from 1/4 to 1 depending on the receiving area. If the original signal Is an HDTV of 1000-line vertical 

40 resolution, a reproduced TV signal is 250, 500, 750, and 1 000 lines in the resolution at their respective receiving 
areas. The picture quality will thus be varied at steps depending on the level of a signal. FIg.96 shows the signal 
propagation of a conventional digital HDTV signal transmission system, in which no signal reproduction will be 
possible when the C/N rate is less than Vo. Also, signal Interception will hardly be guaranteed at signal Inter- 
ference regions, shadow regions, and other signal attenuating regions, denoted by the symbol x, of the service 

45 area. Fig.97 shows the signal propagation of an HDTV signal transmission system of the present Invention. As 
shown, the picture quality will be a full 1000-line grade at the distance La where C/N=a, a 750-line grade at the 
distance Lb where C/N=b, a 500-line grade at the distance Lc where C/N=c, and a 250-line grade at the distance 
Ld where C/N=d. Within the distance La, there are some unfavorable regions where the CN rate drops sharply 
and no HDTV quality picture wfll be reproduced. As understood, a lower picture quality signal can however be 

50 Intercepted and reproduced according to the multi-level signal transmission system of the present invention. 
For example, the picture quality wOl be a 750-line grade at the point B In a building shadow area, a 250-line 
grade at the point D in a running train, a 750-line grade at the point F in a ghost developing area, a 250-line 
grade at the point G In a running car, and a 250-llne grade at the point L in a neighbor signal Interference area. 
As set forth above, the signal transmission system of trie present invention allows a TV signal to be successfully 

56 received at a grade in the area where the conventional system Is poorly qualified, thus Increasing its service 
area. Fig.98 shows an example of simultaneous broadcasting of four different TV programs, in which three qual- 
ity programs C,B,A are transmitted on their respective channels Dv.2.D 2 -i,D 2 _ 2 while a program D Identical to 
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that of a local analog TV station is propagated on the D,., channel. Accordingly, while the program D Is kept 
available at simulcast service, the other three programs can also be distributed on air for offering a multiple 
program broadcast service. ^ 

In the above embodiments, the low and high frequency band components are transmitted as the first and 
second data sreams. However, the transmitted signal may be an audio signal. In this case, low frequency or 
low resolution i components of an audio signal may be transmitted as the first data stream, and high frequency 
or high resolution components of the audio signal may be transmitted as the second data stream. Accordlno^ 

LI! 5!TS L°> n ^^ hi9h J C/N t ' 0rti0n h ' 9h SOUnd qua,it * and ,ow ^ P 0 "*" low sound quality. Thfe 
can be utilized In PCM broadcast, radio portable telephone and the like. In this case, the broadcasting area or 
communication distance can be expanded as compared with the conventional systems. 

The multi-level signal transmission method of the embodiment Is Intended to Increase the utilization of fre- 

ZIT^* be ^ f ° r n ° l 8,1 the lranSmissIon sys*™ causing some type receivers to be de- 
clined In me energy utilization. It Is a good Idea for use with e satellite communications system for selected 
subscribers to employ most advanced transmitters and receivers designed for best utilization of applicable fre- 
InvenfiOT ^ * PWP ° Se S ' 9na ' transmIsslon «* 8tem *" not be bou n<* «V the present 

The present Invention will be advantageous for use with a satellite or terrestrial broadcast service which 
fe essential to run In the same standards for as long as 50 years. During the service period, the broadcast stan- 
dards must not be altered but Improvements wDI be provided time to time corresponding to up-to-date 
technological achievements. Particularly, the enemy for signal transmission will surely be Increasedonany 
satellite Each TV station should provide a compatible service for guaranteeing TV program signal reception 
to any type receivers ranging from today's common ones to future advanced ones. The signal transmission 
system of the present Invention can provide a compatible broadcast service of both the existing NTSC and 
HDTV systems and also, ensure a future extension to match mass data transmission. 

The present invention concerns much on the frequency utilization than the enemy utilization The stanal 
I!*?!! l! enS, ^ i,y ° f 8aCh reC8iver b arran9ed differe "« depending on a signal state level to be received so 
that the transmitting power of a transmitter needs not to be increased largely. Hence, existing satellites which 
offer a small energy for reception and transmission of a signal can best be used with the system of the present 
taventlon The system is also arranged for performing the same standards corresponding to an Increase In the 
transmission energy in the future and offering the compatibility between old and new type recehrere. In addition 
the present Invention wDI be more advantageous for use with the satellite broadcast standards 

The multWevel signal transmission method of the present invention is more preferably employed for ter- 
restrial TV broadcast service In which the energy utilization Is not crucial, as compared with satellite broadcast 
!!^. ,Ce * Tlf ™ re SUCh that 0,6 Si9nal attenuaBn 9 regions in a service area which are attributed to a con- 
ventional digital HDTV broadcast system are considerably reduced In extension and also, the compatibility of 

!»1 u n , reCe,Ver . 0rdiSplay With existin9 NTSC system b obtained. Furthermore, the service area is sub- 
stantlaHy Increased so that program suppliers and sponsors can appreciate more viewers. Although the embo- 
diments of the present invention refer to 16 and 32 QAM procedures, other modulation techniques Including 
64. 128, and 256 QAM will be employed with equal success. Also, multiple PSK. ASK. and FSK techniques 
wfll be applicable as described with the embodiments. q 

A combination of the TDM with the SRQAM of the present Invention has been described In the above How 
ever, the SRQAM of the present invention can be combined also with any of the FDM, CDMA and frequency 
dispersal communications systems. 



Claims 



2. 



A signal transmission system comprising: 

a modulatorfor producing m signal points, where m is an Integer. In a signal space diagram through 
modulation of a carrier wave using an input signal; and 

a transmitter for transmitting a modulated signal. In which the main procedure Includes receiving 
the Input signal containing a first data stream of n values and a second data stream, dividing the m signal 
points into n signal point groups, assigning n values of the first data stream to the n signal point groups 
respectively, and assigning data of the second data stream to the signal points of each signal point group. 

A signal transmission system according to Claim 1. wherein the first and second data streams are two 
low and high, frequency band components of a video or audio signal respectively. 
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A signal transmission system according to Claim 1, wherein during transmission and reception of both the 
first and second data streams of the signal, the second data stream can be canceled transmission or re- 
ception when the error rate at transmission becomes high while the first data stream continues to be trans- 
mitted. 

A signal transmission system according to Claim 1, wherein the signal points are shifted to other positions 
In the signal space diagram so that one of them which Is located at a nearest position to the origin point 
of the l-axis and Q-axis coordinates of the diagram, is spaced S6 from each axis where 6 is the distance 
between the nearest signal point and the I- or Q-axis and S Is the length of shift which is more than 1. 

A signal transmission system comprising: 

a demodulator for demodulating a received QAM signal representing P signal points in a signal 
space diagram; and 

an output, in which the main procedure includes dividing the P signal points into n signal point 
groups, demodulating a first data stream of which n values are assigned to the n signal point groups, and 
demodulating a second data stream of which P/n values are assigned to P/n signal points of each signal 
point group for reconstruction of data of the first and second data streams. 

A signal transmission system according to Claim 5, wherein the first and second data streams represent 
two, low and high, frequency band components of a video signal respectively. 

7. A signal transmission system according to Claim 5, wherein during reception of both the first and second 
data streams of the signal, the second data stream can be canceled when the error rate becomes high 
while the first data stream continues to be Intercepted. 

26 8. A signal transmission system according to Claim 5, further comprising a carrier wave reproducer in which 
a carrier wave is reproduced from the received signal by 16x multiplication of a frequency of the received 
signal. 

9. A signal transmission system according to Claim 5, wherein the signal points of QAM are shifted to other 
30 positions in the signal space diagram so that one of them which is located at a nearest position to the origin 

point of the l-axis and Q-axis coordinates of the diagram, is spaced S6 from each axis where 6 is the dis- 
tance between the nearest signal point and the I- or Q-axis and S Is the length of shift which is-more than 
1. 

35 10. A signal transmission system comprising: 

a transmitter having a signal input circuit, a modulator circuit for producing m signal points in a signal 
space diagram through modulation of a carrier wave using an input signal fed from the signal input circuit, 
and a transmitter circuit for transmitting a modulated signal, in which a main procedure includes receiving 
the input signal containing a first data stream of n values and a second data stream, dividing the m signal 
points into n signal point groups, assigning n values of the first data stream to the n signal point groups 
respectively, and assigning data of the second data stream to the signal points of each signal point group; 
and 

a receiver having an input circuit for reception of the modulated signal from the transmitter, a de- 
modulator circuit for demodulating a QAM modulated signal representing P signal points in a signal space 
diagram, and an output circuit, in which the main procedure Includes dividing the P signal points into signal 
point groups, demodulating the first data stream of which n values are assig ned to the n signal point groups, 
and demodulating the second data stream of which P/n values are assigned to P/n signal points of each 
signal point group for reconstruction of data of the first and second data streams. 

11. A signal transmission system according to Claim 1 0, wherein the first and second data streams represent 
50 two, low and high, frequency band components of a video signal respectively. 

12. A signal transmission system according to Claim 10, wherein the signal points of QAM are shifted to other 
positions in the signal space diagram so that one of them which is located at a nearest position to the origin 
point of the l-axis and Q-axis coordinates of the diagram, is spaced S6 from each axis where 5 is the dis- 

56 tance between the nearest signal point and the I- or Q-axis and S is the length of shift which is more than 

1. 
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13. A signal transmission system comprising: 

whflm H^UfT 9 0,63119 fo t r gating a carrier wave with an input signal to produce m signal points 
where mis an integer, on a signal space diagram; 

transmitting means for transmitting the modulated signal; and 

means for changing or modulating positions of the signal points with a part of the input signal 
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